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Claims 
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Claims 
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Claims 
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Yes: 


Claims 
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Claims 
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The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
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The documents mentioned in this International Preliminary Examination Report 
(I PER) are numbered as in the International Search Report dated 04.02.99, i.e. 
D1 and D6 correspond to the first and the last document of the search report, 
respectively. 

Re ITEM I (Basis of the opinion) 

1 Description pages 17, 25 and 26 filed with letter of 23.12.98 are regarded as 
originally filed. 

2 The sequence listing consisting of 28 pages (78 sequences) filed with letter of 
23.12.98 can be regarded as meeting the requirements of Art. 34(2)(b) PCT. 

3 The application contains 3 deposit receipts (NCIMB 40970, 40971 , 40972). 
Re ITEM II (Priority) 

The priority document pertaining to the present application was not available at 
the time this IPER was established. Hence, the current assessment is based on 
the assumption that all claims enjoy priority rights from the filing date of the priority 
document (02.09.97). 

Re ITEM V (Novelty, inventive step, industrial applicability) 

1 Novelty and inventive step (Art. 33(2) and (3) PCT) 

1 . 1 The subject-matter of claims 1-22 has not been made available to the public by 
any of the available prior art documents and can therefore be regarded as novel. 

1.2 Due to the open claim language recited in independent claim 23 , the subject- 
matter of said claim does not meet the requirements of Art. 33(2) and 33(3) PCT. 
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The term "substantially" renders the scope of protection so broad that any prior art 
sequence which is homologous to the sequences as set out in SEQ ID NOs 15 
and 17 deprives said claim of novelty (see e.g. D4, Fig. 7 and D6, Fig. 13). 

2 Inventive step (Art. 33(3) PCT) 

The subject-matter of claims 1-22 cannot be derived from the available prior art in 
an obvious manner and therefore complies with the requirements of Art. 33(3) 
PCT. 

3 Industrial applicability (Art. 33(4) PCT) 

Claims 1-23 meet the criteria as set forth by Art. 33(4) PCT. 
Re ITEM VIII (Certain observations on the international application) 

1 How the effect of protecting the "chimeric protein-encoding portion of the 
recombinant polynucleotide not bound by the chimeric protein nucleotide binding 
portion" is achieved is not explained, i.e. is not defined by any technical features in 
claim 1 . According to claims 1 1 and 12, the recombinant polynucleotide encodes 
inter alia a non-sequence-specific nucleotide binding protein, namely a viral coat 
protein. This essential technical feature is however not included in claims 1, 20(f) 
and 21(f) (Art. 6 PCT). 

2 The category of claim 10 is rendered unclear by the present wording of said claim 
(Art. 6 PCT). Claim 10 is a product claim directed to a peptide display carrier 
package (PDCP). Said PDCP is not defined in more detail in claim 10. Merely, 
methodological steps are given which do not define the PDCP perse in more 
detail. 
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1 Chimeric binding peptide library screening method 

2 

3 The present invention relates generally to methods for 

4 screening nucleotide libraries for sequences that 

5 encode peptides of interest. 

6 

7 Isolating an unknown gene which encodes a desired 

S peptide from a recombinant DNA library can be a 

9 difficult task. The use of hybridisation probes may 

10 facilitate the process, but their use is generally 

11 dependent on knowing at least a portion of the sequence 

12 of the gene which encodes the protein. When the 

13 sequence is not known, DNA libraries can be expressed 

14 in an expression vector, and antibodies have been used 

15 to screen for plaques or colonies displaying the 

16 desired protein antigen. This procedure has been useful 

17 in screening small libraries, but rarely occurring 

18 sequences which are represented in less than about 1 in 

19 10 5 clones (as is the case with rarely occurring cDNA 

20 molecules or synthetic peptides) can be easily missed, 

21 making screening libraries larger than 10 6 clones at 

22 best laborious and difficult. Methods designed to 

23 address the isolation of rarely occurring sequences by 

24 screening libraries of 10 6 clones have been developed 

2 5 and include phage display methods and LacI fusion phage 
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2 

1 display, discussed in more detail below. 
2 

3 Phage display methods . Members of DNA libraries which 

4 are fused to the N-terminal end of filamentous 

5 bacteriophage pill and pVIII coat proteins have been 

6 expressed from an expression vector resulting in the 

7 display of foreign peptides on the surface of the phage 

8 particle with the DNA encoding the fusion protein 

9 packaged in the phage particle (Smith G. P., 1985, 

10 Science 228: 1315-1317). The expression vector can be 

11 the bacteriophage genome itself, or a phagemid vector, 

12 into which a bacteriophage coat protein has been 

13 cloned. In the latter case, the host bacterium, 

14 containing the phagemid vector, must be co-infected 

15 with autonomously replicating bacteriophage, termed 

16 helper phage, to provide the full complement of 

17 proteins necessary to produce mature phage particles. 

18 The helper phage normally has a genetic defect in the 

19 origin of replication which results in the preferential 
2 0 packaging of the phagemid genome. Expression of the 

21 fusion protein following helper phage infection, allows 

22 incorporation of both fusion protein and wild type coat 

23 protein into the phage particle during assembly. 

24 Libraries of fusion proteins incorporated into phage, 

25 can then be selected for binding members against 

2 6 targets of interest (ligands) . Bound phage can then be 

2 7 allowed to reinfect Escherichia coll (E. coll) bacteria 

28 and then amplified and the selection repeated, 
2 9 * resulting in the enrichment of binding members 

30 (Parmley, S . F. , & Smith, G. P. 1988., Gene 73: 305- 

31 318; Barrett R. W. et al . , 1992, Analytical 

32 Biochemistry 204: 357-364 Williamson et al . , Proc. 

33 Natl. Acad. Sci. USA, 90: 4141-4145; Marks et al . , 

34 1991, J. Mol. Biol. 222: 581-597). 
35 

36 Several publications describe this method. For example, 
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3 

1 US Patent No 5,403,484 describes production of a 

2 chimeric protein formed from the viral coat protein and 

3 the peptide of interest. In this method at least a 

4 functional portion of a viral coat protein is required 

5 to cause display of the chimeric protein or a processed 

6 form thereof on the outer surface of the virus. In 

7 addition, US Patent No 5,571,698 describes a method for 

8 obtaining a nucleic acid encoding a binding protein, a 

9 key component of which comprises preparing a population 

10 of amplifiable genetic packages which have a 

11 genetically determined outer surface protein, to cause 

12 the display of the potential binding domain on the 

13 outer surface of the genetic package. The genetic 

14 packages are selected from the group consisting of 

15 cells, spores and viruses. For example when the 

16 genetic package is a bacterial cell, the outer surface 

17 transport signal is derived from a bacterial outer 

18 surface protein, and when the genetic package is a 

19 filamentous bacteriophage, the outer surface transport 
2 0 signal is provided by the gene pill (minor coat 

21 protein) or pVIII (major coat protein) of the 

2 2 filamentous phage. 

23 

24 WO-A-92/01047 and WO-A-92 / 2 079 1 describe methods for 

25 producing multimeric specific binding pairs, by 

2 6 expressing a first polypeptide chain fused to a viral 

27 coat protein, such as the gene pill protein, of a 

28 secreted replicable genetic display package (RGDP) 

29 which displays a polypeptide at the surface of the 

3 0 package, and expressing a second polypeptide chain of 
31 the mult inter, and allowing the two chains to come 

3 2 together as part of the RGDP. 
33 

3 4 Lad fusion plasmid display . This method is based on 

3 5 the DNA binding ability of the lac repressor. Libraries 

36 of random peptides are fused to the lacl repressor 
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4 

1 protein, normally to the C-terminal end, through 

2 expression from a plasmid vector carrying the fusion 

3 gene. Linkage of the Lacl-peptide fusion to its 

4 encoding DNA occurs via the lacO sequences on the 

5 plasmid, forming a stable peptide-Lad-peptide complex. 

6 These complexes are released from their host bacteria 

7 by cell lysis, and peptides of interest isolated by 

8 affinity purification on an immobilised tatget* The 

9 plasmids thus isolated can then be reintroduced into E * 

10 coli by electroporation to amplify the selected 

11 population for additional rounds of screening (Cull, M. 

12 G. et al. 1992. Proc. Natl. Acad. Sci. U.S.A. 89 : 1865- 

13 1869) . 
14 

15 US Patent No 5498530 describes a method for 

16 constructing a library of random peptides fused to a 

17 DNA binding protein in appropriate host cells and 

18 culturing the host cells under conditions suitable for 

19 expression of the fusion proteins intra-cellularly , in 

20 the cytoplasm of the host cells. This method also 

21 teaches that the random peptide is located at the 

2 2 carboxy terminus of the fusion protein and that the 

23 fusion protein-DNA complex is released from the host 

24 cell by cell lysis. No method is described for the 

25 protection of the DNA from degradation once released 

26 from the lysed cell. Several DNA binding proteins are 

27 claimed but no examples are shown except lad. 

28 . 

29 There remains a need for methods of constructing 

30 peptide libraries in addition to the methods described 

31 above. For instance, the above methods do not permit 

32 production of secreted peptides with a free carboxy 

33 terminus. The present invention describes an 

34 alternative method for isolating peptides of interest 

35 from libraries and has significant advantages over the 

36 prior art methods. 
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1 In general terms, the present invention provides a 

2 method for screening a nucleotide library (usually a 

3 DNA library) for a nucleotide sequence which encodes a 

4 target peptide of interest. The met hod involves 

5 physically l inking each peptide to a polynucleotide 

6 including the specific nucleotide sequence encodin g 

7 that peptide. j Linkage of a peptide to its encoding 

8 nucleotide sequence is achieved via linkage of the 

9 peptide to a nucleotide binding domain, A bifunctional 

10 chimeric protein with a nucleotide binding domain and a 

11 library member or target peptide (preferably with a 

12 function of interest) is thus obtained. The peptide of 

13 . interest is bound to the polynucleotide encoding that 

14 peptide via the nucleotide binding domain of the 

15 chimeric protein. 
16 

17 The polynucleotide-chimeric protein complex is then 

18 incorporated within a peptide display carrier package 

19 (PDCP) , protecting the polynucleotide from subsequent 
2 0 degradation, while displaying the target peptide 

21 portion on the outer surface of the peptide display 

22 carrier package (PDCP) . 
23 

24 Thus, in one aspect, the present invention provides a 

25 peptide display carrier package (PDCP) , said package 

2 6 comprising a polynucleotide-chimeric protein complex 

27 wherein the chimeric protein has a nucleotide binding 

28 portion and a target peptide portion, wherein said 

29 polynucleotide comprises a nucleotide sequence motif 

30 which is specifically bound by said nucleotide binding 

31 portion, and wherein at least the chimeric protein 

32 encoding portion of the polynucleotide not bound by the 

33 nucleotide binding portion of the chimeric protein is 

34 protected. 
35 

3 6 In one embodiment the polynucleotide is protected by a 
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1 protein which binds non-specif ically to naked 

2 polynucleotide. Examples include viral coat proteins, 

3 many of which are well-known in the art. Where the 

4 chosen viral coat protein requires an initiation 

5 sequence to commence general binding to the 

6 polynucleotide, this will be provided on the 

7 polynucleotide at appropriate location (s) . A preferred 

8 coat protein is coat protein from a bacteriophage, 

9 especially M13 . 
10 

11 Generally, the nucleic binding portion of the chimeric 

12 protein is selected for its specificity for the 

13 nucleotide sequence motif present in the recombinant 

14 polynucleotide encoding the chimeric protein. 
15 

16 Optionally, the nucleotide sequence motif may be an 

17 integral part of the protein encoding region of the 

18 polynucleotide. Alternatively, and more usually, the 

19 motif may be present in a non-coding region of the 

20 polynucleotide. For the purposes of this invention, 

21 all that is required is for the motif to be located on 

22 the polynucleotide such that the nucleotide binding 

23 portion of the chimeric protein is able to recognise 

24 and bind to it. Desirably the polynucleotide-chimeric 

25 protein complex has a dissociation constant of at least 

2 6 one hour. 
27 

28 Optionally, the recombinant polynucleotide may comprise 

29 two or more nucleotide sequence motifs, each of which 

30 will be bound by a chimeric protein molecule* 

31 Preferably, the motifs are positioned along the length 

32 of the polynucleotide to avoid steric hindrance between 

3 3 the bound chimeric proteins. 
34 

35 Preferably, the nucleotide sequence motif is not 

36 affected by the presence of additional nucleotide 
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1 sequence (e.g. encoding sequence) at its 5' and/ or 3' 

2 ends. Thus the chimeric fusion protein may include a 

3 target peptide portion at its N terminal end, at its C 

4 terminal end or may include two target peptide portions 

5 (which may be the same or different) at each end of the 

6 nucleotide binding portion, ie at both the N and C 

7 terminal ends of the chimeric protein. For example one 

8 target peptide may be an antibody of known specificity 

9 and the other peptide may be a peptide of potential 
10 interest. 

11 

12 Desirably the target peptide portion of the chimeric 

13 protein is displayed externally on the peptide display 

14 carrier package, and is thus available for detection, 

15 reaction and/or binding. 
16 

17 In more detail the PDCP may be composed two distinct 

18 elements: 

19 a. A polynucleotide-chimeric protein complex. This 

20 links the displayed target peptide portion to the 

21 polynucleotide encoding that peptide portion 

22 through a specific polynucleotide binding portion. 

23 The nucleotide sequence encoding the chimeric 

24 protein, and the specific nucleotide sequence 

25 motif recognised by the nucleotide binding portion 

26 of the chimeric protein must be present on a 

27 segment of polynucleotide which can be 

28 incorporated into the PDCP; and 

29 b. A protective coat. This may be supplied by a 

30 replicable carrier or helper package capable of 

31 independent existence. Alternatively, a coat 

32 protein could be encoded by the recombinant 

33 polynucleotide of the invention. The protective 

34 coat for the polynucleotide-chimeric protein 

35 complex may be composed of a biological material 

36 such as protein or lipid, but the protective coat 
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1 is not required for linking the target peptide to 

2 the polynucleotide encoding that peptide. The 

3 protective coat must allow the display of the 

4 target peptide portion of the chimeric protein on 

5 its outer surface. The carrier or helper package 

6 may also provide the mechanism for releasing the 

7 intact PDCP from host cells when so required. By 

8 way of example, when a bacteriophage is the 

9 replicable carrier package, a protein coat of the 

10 bacteriophage surrounds the polynucleotide- 

11 chimeric protein complex to form the PDCP, which 

12 is then extruded from the host bacterial cell. 
13 

14 The invention described herein demonstrates that 

15 peptides fused to a nucleotide binding domain can be 

16 displayed externally, even through a bacteriophage 

17 carrier package protein coat, while still bound to the 

18 polynucleotide encoding the displayed peptide. 
19 

20 The present invention also provides a recombinant 

21 polynucleotide comprising a nu cleotide sequenc e 

22 enc oding a chimeric protein having a nucleotide bind ing N 

23 portion operably linked to a target peptide portion, 



24 wherein said polynucleotide includes a specific 

25 nucleotide sequence motif which is bound by the 

26 nucleotide binding portion of said chimeric protein and 

27 further encoding a non-sequence-specific nucleotide 

28 binding protein. 
29 

30 Desirably, the recombinant polynucleotide is a 

31 recombinant expression system, able to express the 

32 chimeric protein when placed in a suitable environment, 

33 for example a compatible host cell. After its 

34 expression, the chimeric protein binds to the specific 

35 nucleotide sequence (motif) present in the 

36 polynucleotide comprising the nucleotide sequence 
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1 encoding the chimeric protein. 
2 

3 Optionally there may be a linker sequence located 

4 between the nucleotide sequence encoding the nucleotide 

5 binding portion and the polynucleotide inserted into 

6 the restriction enzyme site of the construct. 

8 Desirably the nucleotide binding portion is a DNA \ 

9 binding domain of an oestrogen or progesterone 

10 receptor, or a functional equivalent thereof. Examples 1 

11 of sequences encoding such nucleotide binding portions \ 

12 are set out in SEQ ID Nos 11 and 13. 
13 

14 The term "expression system" is used herein to refer to 

15 a genetic sequence which includes a protein-encoding 

16 region and is operably linked to all of the genetic 

17 signals necessary to achieve expression of that region. 

18 Optionally, the expression system may also include 

19 regulatory elements, such as a promoter or enhancer to 

20 increase transcription and/or translation of the 

21 protein encoding region or to provide control over 

22 expression. The regulatory elements may be located 

2 3 upstream or downstream of the protein encoding region 

24 or within the protein encoding region itself. Where 

2 5 two or more distinct protein encoding regions are 

26 present these may use common regulatory element (s) or 

27 have separate regulatory element (s). 
28 

29 Generally, the recombinant polynucleotide described 

3 0 above will be DNA. Where the expression system is 

31 based upon an M13 vector, usually the polynucleotide 

32 binding portion of the expressed chimeric portion will 
3 3 be single-stranded DNA . However, other vector systems 
34 may be used and the nucleotide binding portion may be 

3 5 selected to bind preferentially to double-stranded DNA 

36 or to double or single-stranded RNA, as convenient. 
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1 Additionally the present invention provides a vector 

2 containing such a recombinant expression system and 

3 host cells transformed with such a recombinant 

4 expression system (optionally in the form of a vector) . 
5 

6 Whilst the recombinant polynucleotide described above 

7 forms an important part of the present invention, we 

8 are also concerned with the ability to screen large 

9 (e.g. of at least 10 5 members, for example 10 6 or even 

10 10 7 members) libraries of genetic material. One of the 

11 prime considerations therefore is the provision of a 

12 recombinant genetic construct into which each member of 

13 said library can individually be incorporated to form 

14 the recombinant polynucleotide described above and to 

15 express the chimeric protein thereby encoded (the 

16 target peptide of which is encoded by the nucleotide 

17 library member incorporated into the construct) . 
18 

19 Thus viewed in a further aspect the present invention 

20 provides a genetic construct or set of genetic 

21 constructs comprising a polynucleotide having a 

22 sequence which includes: 
23 

24 i) a sequence encoding a nucleotide binding portion 

25 able to recognise and bind to a specific sequence 

26 motif; 

27 ii) the sequence motif recognised and bound by the 

28 nucleotide binding portion encoded by (i); 

29 iii) a restriction enzyme site which permits insertion 

30 of a polynucleotide, said site being designed to 

31 operably link said polynucleotide to the sequence 

32 encoding the nucleotide binding portion so that 

33 expression of the operably linked polynucleotide 

34 sequences yields a chimeric protein; and 

35 iv) a sequence encoding a nucleotide binding protein 

36 which binds non-specif ically to naked 
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1 polynucleotide. 
2 

3 Optionally there may be a linker sequence located 

4 between the nucleotide sequence encoding the nucleotide 

5 binding portion and the sequence of the polynucleotide 

6 from the library inserted into the restriction enzyme 

7 site of the construct. 
8 

9 Desirably the nucleotide binding portion is a DNA 

10 binding domain of an oestrogen or progesterone 

11 receptor, or a functional equivalent thereof. Examples 

12 of sequences encoding such nucleotide binding portions 

13 are set out in SEQ ID Nos 11 and 13. 
14 

15 Suitable genetic constructs according to the invention 

16 include pDM12, pDM14 and pDM16, deposited at NCIMB on 

17 28 August 1998 under Nos NCIMB 40970, NCIMB 40971 and 

18 NCIMB 40972 respectively. 
19 

20 It is envisaged that a conventionally produced genetic 

21 library may be exposed to the genetic construct (s) 

22 described above. Thus, each individual member of the 

23 genetic library will be separately incorporated into 

24 the genetic construct and the library will be present 

25 in- the form of a library of recombinant polynucleotides 

26 (as described above) , usually in the form of vectors, 

27 each recombinant polynucleotide including as library 

2 8 member. 
29 

3 0 Thus, in a further aspect, the present invention 

31 provides a library of recombinant polynucleotides (as 

32 defined above) wherein each polynucleotide includes a 

33 polynucleotide obtained from a genetic library and 

34 which encodes the target peptide portion of the 
3 5 chimeric protein expressed by the recombinant 
36 polynucleotide . 
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1 Optionally, the chimeric protein may further include a 

2 linker sequence located between the nucleotide binding 

3 portion and the target peptide portion. The linker 

4 sequence will reduce steric interference between the 

5 two portions of the protein. Desirably the linker 

6 sequence exhibits a degree of flexibility. 
7 

8 Also disclosed are methods for constructing and 

9 screening libraries of PDCP particles, displaying many 

10 different peptides, allowing the isolation and 

11 identification of particular peptides by means of 

12 affinity techniques relying on the binding activity of 

13 the peptide of interest ♦ The resulting polynucleotide 

14 sequences can therefore be more readily identified, re- 

15 cloned and expressed, 
16 

17 A method of constructing a genetic library, said method 

18 comprising: 
19 

20 a) constructing multiple copies of a recombinant 

21 vector comprising a polynucleotide sequence which 

22 encodes a nucleotide binding portion able to 

23 recognise and bind to a specific sequence motif 

24 (and optionally also including the specific 

25 sequence motif) ; 
26 

27 b) operably linking each said vector to a 

28 polynucleotide encoding a target polypeptide, such 

29 that expression of said operably linked vector 
3 0 results in expression of a chimeric protein 

31 comprising said target peptide and said nucleotide 

32 binding portions; wherein said multiple copies of 

33 said operably linked vectors collectively express 

34 a library of target peptide portions; 
35 

36 c) transforming host cells with the vectors of step 
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1 b) ; 

2 

3 d) culturing the host cells of step c) under 

4 conditions suitable for expression of said 

5 chimeric protein; 
6 

7 e) providing a recombinant polynucleotide comprising 

8 the nucleotide sequence motif specifically 

9 recognised by the nucleotide binding portion and 

10 exposing this polynucleotide to the chimeric 

11 protein of step d) to yield a polynucleotide- 

12 chimeric protein complex; and 
13 

14 f) causing production of a non-sequence-specific 

15 moiety able to bind to the non-protected portion 

16 of the polynucleotide encoding the chimeric 

17 protein to form a peptide display carrier package, 
18 

19 The present invention further provides a method of 

20 screening a genetic library, said method comprising: 
21 

22 a) exposing the polynucleotide members of said 

23 library to multiple copies of a genetic construct 

24 comprising a nucleotide sequence encoding a 

25 nucleotide binding portion able to recognise and 

26 bind to a specific sequence motif, under 

27 conditions suitable for the polynucleotides of 

28 said library each to be individually ligated into 

29 one copy of said genetic construct, to create a 
3 0 library of recombinant polynucleotides; 

31 

32 b) exposing said recombinant polynucleotides to a 

33 population of host cells, under conditions 

34 suitable for transformation of said host cells by 
3 5 said recombinant polynucleotides; 



36 



SUBSTITUTE SHEET (RULE 26) 



WO 99/1 1 785 PCT/GB98/02630 



14 

1 c) selecting for transformed host cells; 
2 

3 d) exposing said transformed host cells to conditions 

4 suitable for expression of said recombinant 

5 polynucleotide to yield a chimeric protein; and 
6 

7 e) providing a recombinant polynucleotide comprising 

8 the nucleotide sequence motif specifically 

9 recognised by the nucleotide binding portion and 

10 exposing this polynucleotide to the chimeric 

11 protein of step d) to yield a polynucleotide- 

12 chimeric protein complex; 
13 

14 f) protecting any exposed portions of the 

15 polynucleotide in the complex of step e) to form a 

16 peptide display carrier package; and 
17 

18 g) screening said peptide display carrier package to 

19 select only those packages displaying a target 

2 0 peptide portion having the characteristics 
21 required. 

22 

23 Desirably in step a) the genetic construct is pDM12 , 

24 pDM14 or pDM16. 

25 

26 Desirably in step f) the peptide display package 

27 carrier is extruded from the transformed host cell 

28 without lysis of the host cell. 
29 

3 0 Generally the transformed host cells will be plated out 

31 or otherwise divided into single colonies following 

32 transformation and prior to expression of the chimeric 

33 protein. 
34 

35 The screening step g) described above may look for a 

36 particular target peptide either on the basis of 
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1 function (e.g. enzymic activity) or structure (e.g. 

2 binding to a specific antibody) . Once the peptide 

3 display carrier package is observed to include a target 

4 peptide with the desired characteristics, the 

5 polynucleotide portion thereof (which of course encodes 

6 the chimeric protein itself) can be amplified, cloned 

7 and otherwise manipulated using standard genetic 

8 engineering techniques. 
9 

10 The current invention differs from the prior art 

11 teaching of the previous disclosures US Patent No 

12 5,403,484 and US Patent No 5,571,698, as the invention 

13 does not require outer surface transport signals, or 

14 functional portions of viral coat proteins, to enable 

15 the display of chimeric binding proteins on the outer 

16 surface of the viral particle or genetic package. 
17 

18 The current invention also differs from the teaching of 

19 WO-A-92/01047 and WO-A-92 / 2 0791 , as no component of a 

20 secreted replicable genetic display package, or viral 

21 coat protein is required, to enable display of the 

22 target peptide on the outer surface of the viral 

23 particle. 
24 

2 5 The current invention differs from the teaching of US 

26 Patent No 5498530, as it enables the display of 

27 chimeric proteins, linked to the polynucleotide x 

28 encoding the chimeric protein, e xtra-c ellular ly, not in 

2 9 the cytoplasm of a host cell. In the current invention 

3 0 the chimeric proteins are presented on the outer 
31 surface of a peptide display carrier package (PDCP) 
3 2 which protects the DNA encoding the chimeric protein, 
3 3 and^ oes not re gu ire cell lysis to obta i,n ^ cess to the 
34 chimeric protein-DNA complex. Finally, the current 
3 5 invention does not rely upon the f^TaxTl DNA blnHongT 
36 protein\to form the chimeric protein-DNA complex. 
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1 In one embodiment of the invention, the nucleotide 

2 binding portion of the chimeric protein comprises a DNA 

3 binding domain from one or more of the nuclear steroid 

4 receptor family of proteins, or a functional equivalent 

5 of such a domain. Particular examples include (but are 

6 not limited to) a DNA binding domain of the oestrogen 

7 receptor or the progesterone receptor, or functional 

8 equivalents thereof. These do mains can recognise 

9 s pecific DNA sequences, terme d hormone response 

10 elements (HRE) , which can be bound as both double and 



11 singj^stranded ^ DNA . JF he PNAbinding domalTTTTF^sucir 

12 nuclear steroid receptor proteins is preferred* 

14 The oestrogen receptor is especially referred to below 

15 by way of example, for convenience since: 

16 (a) The oestrogen receptor is a large multifunctional 

— . 7 

17 p olypeptide of 595 amino acids which functions in the 

18 cytoplasm and nucleus of eukaryotic cells (Green et 

19 al., 1986, Science 231: 1150-1154). A minimal high 

20 affinity D NA binding domai n (DBD) has been defined 

21 between amino acids 176 and 282 (Mader et al., 1993, 

22 Nucleic Acids Res. 2 1 1125-1132 ) . The f unctioning^f 

2 3 this domain (i.e. DNA binding) is not inh ibitLejd^b .^LJ^he 

24 pr esence of non-DNA binding domains at both the N and C 

25 terminal ends o f this dom ain, in the full length 

26 protein, 
27 

28 (b) The oestrogen receptor DNA binding domain fragment 

29 (amino acids 176-282) has been expressed in E. coli and 

3 0 shown to bind to the specific double stranded DNA 

31 oestrogen receptor target HRE nucleotide sequence, as a 

32 dimer with a similar af f inity ( 0 . 5nM) to the parent 

33 molecule (Murdoch et al. 1990, Biochemistry 29: 8377- 

34 8385; Mader et al. , 1993, Nucleic Acids Research 21: 

35 1125-1132) . DBD dimerization on the surface of the PDCP 

36 should result in two peptides displayed per particle. 
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1 This bivalent display can aid in the isolation of low 

2 affinity peptides and peptides that are required to 

3 form a bivalent conformation in order to bind to a 

4 particular target, or activate a target receptor. The 

5 oestrogen receptor is capable of binding to its 38 base 

6 pair target HRE sequence, consensus sequence: 
7 

8 1 ) 5 ' -TCAGGTCAGAGTGACCTGAGCTAAAATAACACATTCAG-3 ' 

9 ("minus strand") SEQ ID No 1, and 
10 

11 2 ) 3 1 -AGTCCAGTCTCACTGGACTCGATTTTATTGTGTAAGTC-5 * 

12 ("plus strand") SEQ ID No 2, 
13 

14 with high affinity and specif ici-ty, under the salt and 

15 pH conditions normally required for selection of 

16 binding peptides. Moreover, binding affinity is 

17 increased 60-fold for the single-stranded coding, or 

18 "plus", strand (i.e. SEQ ID No 2) of the HRE nucleotide 

19 sequence over the double stranded form of the specific 

20 target nucleotide sequence (Peale et al. 1988, Proc. 

21 Natl. Acad. Sci. USA 85: 1038-1042; Lannigan & Notides, 

22 1989, Proc. Natl. Acad. Sci. USA 86: 863-867). 
23 

24 In an embodiment of the invention where the DNA binding 

25 component of the peptide display carrier package is the 
2 6 oestrogen receptor, the nucleotide (DNA) binding 

27 portion contains a minimum sequence of amino acids 176- 



2 8 282 of the oestr ogen receptor prot ein. In addition, the 

, . — ■ ■ i \ 

2 9 consensus oestrogen receptor target HRE sequence is 

30 cloned in such a way that if single stranded DNA can be 

31 produced then the coding, or "plus", strand of the 

3 2 oestrogen receptor HRE nucleotide sequence is 

3 3 incorporated into single-stranded DNA. An example of a 

34 vector suitable for this purpose is pUC119 (see Viera 

35 et al., Methods in Enzymology, Vol 153, pages 3-11, 

36 1987) . 
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1 In a preferred embodiment of the invention a peptide 

2 display carrier package (PDCP) can be assembled when a 

3 bacterial host cell is transformed with a bacteriophage 

4 vector, which vector comprises a recombinant 

5 polynucleotide as described above. The expression 

6 vector will also comprise the specific nucleotide motif 

7 that can be bound by the nucleotide binding portion of 

8 the chimeric protein • Expression of recombinant 

9 polynucleotide results in the production of the 

10 chimeric protein which comprises the target peptide and 

11 the nucleotide binding portion. The host cell is grown 

12 under conditions suitable for chimeric protein 

13 expression and assembly of the bacteriophage particles, 

14 and the association of the chimeric protein with the 

15 specific nucleotide sequence in the expression vector. 
16 

17 In this embodiment, since the vector is a 

18 bacteriophage, which replicates to produce a single- 

19 stranded DNA , the nucleotide binding portion preferably 

20 has an affinity for single-stranded DNA. Incorporation 

21 of the vector single-stranded DNA-chimeric protein 

22 complex into bacteriophage particles results in the 

23 assembly of the peptide display carrier package (PDCP) , 

24 and display of the target peptide on the outer surface 

25 of the PDCP. 
26 

2 7 In this embodiment both of the required elements for 

28 producing, peptide display carrier packages are 

2 9 contained on the same vector. Incorporation of the DNA- 

3 0 chimeric protein complex into a peptide display carrier 
31 package (PDCP) is preferred as DNA degradation is 

3 2 prevented, large numbers of PDCPs are produced per host 

33 cell, and the PDCPs are easily separated from the host 

34 cell without recours e to cell lysis. 

• 

3 6 In a more preferred embodiment, the vector/of thel is a 
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1 phagemid vector (for example pUC119) where expression 

2 of the chimeric protein is controlled by an inducible 

3 promoter. In this embodiment the PDCP can only be 

4 assembled following infection of the host cell with 

5 both phagemid vector and helper phage. The transfected 

6 host cell is then cultivated under conditions suitable 

7 for chimeric protein expression and assembly of the 

8 bacteriophage particles. 
9 

10 In this embodiment the elements of the PDCP are 

11 provided by two separate vectors. The phagemid derived 

12 PDCP is superior to phagemid derived display packages 

13 disclosed in WO-A-92/01047 where a proportion of 

14 packages displaying bacteriophage coat protein fusion 

15 proteins will contain the helper phage DNA, not the 

16 fusion protein DNA sequence. In the current invention, 

17 a PDCP can display the chimeric fusion protein only 

18 when the package contains the specific nucleotide motif 

19 recognised by the nucleotide binding portion. In most 

20 embodiments this sequence will be present on the same 

21 DNA segment that encodes the fusion protein. In 

22 addition, the prior art acknowledges that when mutant 
2 3 and wild type proteins are co-expressed in the same 
24 bacterial cell, the wild type protein is produced 

2 5 preferentially. Thus, when the wild type helper phage, 

2 6 phage display system of WO-A-92/01047 is used, both 

27 wild type gene pill and target peptide-gene pill 

28 chimeric proteins are produced in the same cell. The 

29 result of this is that the wild type gene pill protein 

30 is preferentially packaged into bacteriophage 

31 particles, over the chimeric protein. In the current 

3 2 invention, there is no competition with wild type 
3 3 bacteriophage coat proteins for packaging. 

34 

35 Desirably the target peptide is displayed in a location 

3 6 exposed to the external environment of the PDCP, after 
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the PDCP particle has been released from the host cell 
without recourse to cell lysis. The target peptide is 
then accessible for binding to its ligand. Thus, the 
target peptide may be located at or near the N-terminus 
or the C-terminus of a nucleotide binding domain, for 
example the DNA binding domain of the oestrogen 
receptor . 



The present invention also provides a method for 
screening a DNA library expressing one or more 
polypeptide chains that are processed, folded and 
assembled in the periplasmic space to achieve 
biological activity. The PDCP may be assembled by the 
following steps: 

(a) Construction of N- or C -terroinal DBD chim eric 
protein fusions in a phagemid vector. 

(i) When the target peptide is located at the N- 
terminus of the nucleotide binding portion, a library 
of DNA sequences each encoding a potential target 
peptide is cloned into an appropriate location of an 
expression vector (i.e. behind an appropriate promoter 
and translation sequences and a sequence encoding a 
signal peptide leader directing transport of the 
downstream fusion protein to the periplasmic space) and 
upstream of the sequence encoding the nucleotide 
binding portion. In a preferred embodiment the DNA 
sequence (s) of interest may be joined, by a region of 
DNA encoding a flexible amino acid linker, to the 5'- 
end of an oestrogen receptor DBD. 

(ii) Alternatively, when the target peptide is 
located at the C-terminus of the nucleotide binding 
domain, a library of DNA sequences each encoding a 
potential target peptide is cloned into the expression 
vector so that the nucleotide sequence coding for the 
nucleotide binding portion is upstream of the cloned 
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1 DNA target peptide encoding sequences, said nucleotide 

2 binding portion being positioned behind an appropriate 

3 promoter and translation sequences and a sequence 

4 encoding a signal peptide leader directing transport of 

5 the downstream fusion protein to the periplasmic space. 

6 In a preferred embodiment, DNA sequence (s) of interest 

7 may be joined, by a region of DNA encoding a flexible 

8 amino acid linker oestrogen receptor DBD DNA sequence. 
9 

10 Located on the expression vector is the specific HRE 

11 nucleotide sequence recognised, and bound, by the 

12 oestrogen receptor DBD. In order to vary the number of 

13 chimeric proteins displayed on each PDCP particle, this 

14 sequence can be present as one or more copies in the 

15 vector. 
16 

17 (b) Incorporation into the PDCP. Non-lytic helper 

18 bacteriophage infects host cells containing the 

19 expression vector. Preferred types of bacteriophage 

20 include the filamentous phage fd, fl and M13 . In a 

21 more preferred embodiment the bacteriophage may be 

22 M13K07. 
23 

2 4 The protein (s) of interest are expressed and 

25 transported to the periplasmic space, and the properly 

2 6 assembled proteins are incorporated into the PDCP 

27 particle by virtue of the high affinity interaction of 

28 the DBD with the specific target nucleotide sequence 

2 9 present on the phagemid vector DNA which is naturally 

30 packaged into phage particles in a single-stranded 

31 form. The high affinity interaction between the DBD 

32 protein and its specific target nucleotide sequence 

3 3 prevents displacement by bacteriophage coat proteins 
34 resulting in the incorporation of the protein (s) of 

3 5 interest onto the surface of the PDCP as it is extruded 

36 from the cell. 
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1 (c) Selection of the peptide of interest. Particles 

2 which display the peptide of interest are then selected 

3 from the culture by affinity enrichment techniques. 

4 This is accomplished by means of a ligand specific for 

5 the protein of interest, such as an antigen if the 

6 protein of interest is an antibody. The ligand may be 

7 presented on a solid surface such as the surface of an 

8 ELISA plate, or in solution. Repeating the affinity 

9 selection procedure provides an enrichment of clones 

10 encoding the desired sequences, which may then be 

11 isolated for sequencing, further cloning and/or 

12 expression. 
13 

14 Numerous types of libraries of peptides fused to the 

15 DBD can be screened under this embodiment including: 
16 

17 (i) Random peptide sequences encoded by synthetic 

18 DNA of variable length. 
19 

20 (ii) Single-chain Fv antibody fragments. These 

21 consist of the antibody heavy and light chain 

22 variable region domains joined by a flexible 

23 linker peptide to create a single-chain antigen 

2 4 binding molecule . 
25 

26 (iii) Random fragments of naturally occurring 

27 proteins isolated from a cell population 

28 containing an activity of interest. 
29 

3 0 In another embodiment the invention concerns methods 

31 for screening a DNA library whose members require more 

32 than one chain for activity, as required by, for 

3 3 example, antibody Fab fragments for ligand binding. In 

34 this embodiment heavy or light chain antibody DNA is 

3 5 joined to a nucleotide sequence encoding a DNA binding 

3 6 domain of, for example, the oestrogen receptor in a 
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1 phagemid vector. Typically the antibody DNA library 

2 sequences for either the heavy (VH and CHI) or light 

3 chain (VL and CL) genes are inserted in the 5' region 

4 of the oestrogen receptor DBD DNA, behind an 

5 appropriate promoter and translation sequences and a 

6 sequence encoding a signal peptide leader directing 

7 transport of the downstream fusion protein to the 

8 periplasmic space. 
9 

10 Thus, a DBD fused to a DNA library member-encoded 

11 protein is produced and assembled in to the viral 

12 particle after infection with bacteriophage. The second 

13 and any subsequent chain (s) are expressed separately 

14 either: 
15 

16 (a) from the same phagemid vector containing the DBD 

17 and the first polypeptide fusion protein, 

18 or 
19 

2 0 (b) from a separate region of DNA which may be present 

21 in the host cell nucleus, or on a plasmid, phagemid or 

22 bacteriophage expression vector that can co-exist, in 

23 the same host cell, with the first expression vector, 

24 so as to be transported to the periplasm where they 

25 assemble with the first chain that is fused to the DBD 

26 protein as it exits the cell. Peptide display carrier 
2 7 packages (PDCP) which encode the protein of interest 

28 can then be selected by means of a ligand specific for 

29 the protein. 
30 

31 In yet another embodiment, the invention concerns 

32 screening libraries of bi-f unctional peptide display 

33 carrier packages where two or more activities of 

34 interest are displayed on each PDCP. In this 

35 embodiment, a first DNA library sequence(s) is inserted 

36 next to a first DNA binding domain (DBD) DNA sequence, 
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1 for example the oestrogen receptor DBD , in an 

2 appropriate vector, behind an appropriate promoter and 

3 translation sequences and a sequence encoding a signal 

4 peptide leader directing transport of this first 

5 chimeric protein to the periplasmic space. A second 

6 chimeric protein is also produced from the same, or 

7 separate, vector by inserting a second DNA library 

8 sequence (s) next to a second DBD DNA sequence which is 

9 different from the first DBD DNA sequence, for example 

10 the progesterone receptor DBD, behind an appropriate 

11 promoter and translation sequences and a sequence 

12 encoding a signal peptide leader. The first, or only, 

13 vector contains the specific HRE nucleotide sequences 

14 for both oestrogen and progesterone receptors. 

15 Expression of the two chimeric proteins, results in a 

16 PDCP with two different chimeric proteins displayed. As 

17 an example, one chimeric protein could possess a 

18 binding activity for a particular ligand of interest, 

19 while the second chimeric protein could possess an 

20 enzymatic activity. Binding by the PDCP to the ligand 

21 of the first chimeric protein could then be detected by 

22 subsequent incubation with an appropriate substrate for 

2 3 the second chimeric protein. In an alternative 

24 embodiment a bi-f unctional PDCP may be created using a 

25 single DBD, by cloning one peptide at the 5 1 -end of the 

26 DBD, and a second peptide at the 3 1 -end of the DBD. 

27 Expression of this single bi-f unctional chimeric 

28 protein results in a PDCP with two different 

29 activities. 
30 

31 We have investigated the possibility\pf screening 

32 libraries of peptides, fused to a DNA\binding domain 

33 and displayed on the surface of a display package, for 

34 particular peptides with a biological activity of 

3 5 interest and recovering the DNA encoding that activity. 
36 Surprisingly, by manipulating the oestrogen receptor 
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1 DNA binding domain in conjunction with M13 

2 bacteriophage we have been able to construct novel 

3 particles which display large biologically functional 

4 molecules, that allows enrichment of particles with the 

5 desired specificity. 



6 

7 The invention described herein provides a significant 

8 breakthrough in DNA library screening technology. 




9 

10 The invention will now be further described by 

11 reference to the non-limiting examples and figures 

12 below. 
13 

14 Description of Figures 

15 

16 Figure 1 shows the pDM12 N-terminal fusion oestrogen 

17 receptor DNA binding domain expression vector 

18 nucleotide sequence (SEQ ID No 3) , between the Hindlll 

19 and EcoRI restriction sites, comprising a pelB leader 

20 secretion sequence (in italics) , multiple cloning site 

21 containing Sfil and NotI sites, flexible (glycine) 4 - 
2 2 serine linker sequence (boxed) , a fragment of the 

2 3 oestrogen receptor gene comprising amino acids 176-282 

24 (SEQ ID No 4) of the full length molecule, and the 38 

25 base pair consensus oestrogen receptor DNA binding 
2 6 domain HRE sequence. 

27 

2 8 Figure 2 shows the OD 4Mhun ELISA data for negative 

29 control M13K07 phage, and single-clone PDCP display 

3 0 culture supernatants (#1-4, see Example 3) isolated by 
31 selection of the lymphocyte cDNA-pDM12 library against 
3 2 anti-human immunoglobulin kappa antibody. 

33 

3 4 Figure 3 shows partial DNA (SEQ ID No 5) and amino acid 

3 5 (SEQ ID No 6) sequence for the human immunoglobulin 

36 kappa constant region (Kabat, E. A* et al., Sequences 
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1 of Proteins of Immunological Interest. 4 th edition. U.S. 

2 Department of Health and Human Services. 1987), and 

3 ELISA positive clones #2 (SEQ ID Nos 7 and 8) and #3 

4 (SEQ ID Nos 9 and 10) from Figure 2 which confirms the 

5 presence of human kappa constant region DNA in-frame 

6 with the pelB leader sequence (pelB leader sequence is 

7 underlined, the leader sequence cleavage site is 

8 indicated by an arrow). The differences in the 5 1 -end 

9 sequence demonstrates that these two clones were 

10 selected independently from the library stock. The PCR 

11 primer sequence is indicated in bold, clone #2 was 

12 originally amplified with CDNAPCRBAK1 and clone #3 was 

13 amplified with CDNAPCRBAK2 . 
14 

15 Figure 4 shows the pDM14 N-terminal fusion oestrogen 

16 receptor DNA binding domain expression vector 

17 nucleotide sequence (SEQ ID No 11), between the Hindlll 

18 and EcoRI restriction sites, comprising a pelB leader 

19 secretion sequence (in italics) , multiple cloning site 

20 containing Sfil and NotI sites, flexible (glycine) 4 - 

21 serine linker sequence (boxed) , a fragment of the 

22 oestrogen receptor gene comprising amino acids 176-282 

23 (SEQ ID No 12) of the full length molecule, and the two 

24 38 base pair oestrogen receptor DNA binding domain HRE 

2 5 sequences (HRE 1 and HRE 2) . 
26 

27 Figure 5 shows the pDM16 C-terminal fusion oestrogen 

28 receptor DNA binding domain expression vector 

29 nucleotide sequence (SEQ ID No 13), between the Hindlll 

30 and EcoRI restriction sites, comprising a pelB leader 

31 secretion sequence (in italics), a fragment of the 

32 oestrogen receptor gene comprising amino acids 176-282 

33 (SEQ ID No 14) of the full length molecule, flexible 

34 (glycine) 4-serine linker sequence (boxed), multiple 

35 cloning site containing Sfil and NotI sites and the 38 

3 6 base pair oestrogen receptor DNA binding domain HRE 
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1 sequence. 
2 

3 Figure 6 shows the OD 45Qrmi ELISA data for N-cadherin- 

4 pDM16 C-terminal display PDCP binding to anti-pan- 

5 cadherin monoclonal antibody in serial dilution ELISA 

6 as ampicillin resitance units (a.r.u.)- Background 

7 binding of negative control M13K07 helper phage is also 

8 shown. 
9 

10 Figure 7 shows the OD 450nm ELISA data for in vivo 

11 biotinylated PCC-pDM16 C-terminal display PDCP binding 

12 to streptavidin in serial dilution ELISA as ampicillin 

13 resitance units (a.r.u.). Background binding of 

14 negative control M13K07 helper phage is also shown. 
15 

16 Figure 8 shows the OD 450mn ELISA data for a human scFv 

17 PDCP isolated from a human scFv PDCP display library 

18 selected against substance P. The PDCP was tested 

19 against streptavidin (1) , streptavidin-biotinylated 

20 substance P (2), and streptavidin-biotinylated CGRP 

21 (3), in the presence (B) or absence (A) of free 
2 2 substance P . 

23 

24 Figure 9 shows the DNA (SEQ ID Nos 15 and 17) and amino 

25 acid (SEQ ID No 16 and 18) sequence of the substance P 

2 6 binding scFv isolated from a human scFv PDCP display 

27 library selected against substance P. Heavy chain (SEQ 

28 ID Nos 15 and 16) and light chain (SEQ ID Nos 17 and 

29 18) variable region sequence is shown with the CDRs 

30 underlined and highlighted in bold. 
31 

3 2 Materials and Methods 

33 The following procedures used by the present applicant 

34 are described in Sambrook, J., et al. , 1989 supra.: 

35 restriction enzyme digestion, ligation, preparation of 

36 electrocompetent cells, electroporation, analysis of 
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1 restriction enzyme digestion products on agarose gels, 

2 DNA purification using phenol/chloroform, preparation 

3 of 2xTY medium and plates, preparation of ampicillin, 

4 kanamycin, IPTG (Isopropyl /?-D-Thiogalactopyranoside) 

5 stock solutions, and preparation of phosphate buffered 

6 saline. 
7 

8 Restriction enzymes, T4 DNA ligase and cDNA synthesis 

9 reagents (Superscript plasmid cDNA synthesis kit) were 

10 purchased from Life Technologies Ltd (Paisley, 

11 Scotland, U.K.). Oligonucleotides were obtained from 

12 cruachem Ltd (Glasgow, Scotland, U.K.)/ or Genosys 

13 Biotechnologies Ltd (Cambridge, U.K.). Taq DNA 

14 polymerase, Wizard SV plasmid DNA isolation kits, 

15 streptavidin coated magnetic beads and mRNA isolation 

16 reagents (PolyATract 1000) were obtained from Promega 

17 Ltd (Southampton, Hampshire, U.K.). Taqplus DNA 

18 polymerase was obtained from Stratagene Ltd (Cambridge, 

19 U.K.) . PBS, BSA, streptavidin, substance P and anti-pan 

20 cadherin antibody were obtained from SIGMA Ltd (Poole, 

21 Dorset, U.K.). Ant i —Ml 3 -HRP conjugated antibody, 

22 Kanamycin resistant M13K07 helper bacteriophage and 

2 3 RNAguard were obtained from Pharmacia Ltd (St. Albans, 

24 Herts, U.K.) and anti-human Ig/c antibody from Harlan- 

25 Seralab (Loughborough, Leicestershire, U.K.) 

26 Biotinylated substance P and biotinylated calcitonin 

27 gene related peptide (CGRP) were obtained from 

28 Peninsula Laboratories (St. Helens, Merseyside, U.K.). 
29 

3 0 Specific embodiments of the invention are given below 
31 in Examples 1 to 9 . 

32 
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1 Example 1. Construction of a N-terminal PDCP display 

2 phagemid vector pDM12 . 

3 

4 The pDM12 vector was constructed by inserting an 

5 oestrogen receptor DNA binding domain, modified by 

6 appropriate PCR primers, into a phagemid vector pDM6. 

7 The pDM6 vector is based on the pUC119 derived phage 

8 display vector pHENl (Hoogenboom et al., 1991, Nucleic 

9 Acids Res. 19: 4133-4137). It contains (Gly) 4 Ser linker, 

10 Factor Xa cleavage site, a full length gene III, and 

11 streptavidin tag peptide sequence (Schmidt, T.G. and 

12 Skerra, A., 1993, Protein Engineering 6: 109-122), all 

13 of which can be removed by Notl-EcoRI digestion and 

14 agarose gel electrophoresis, leaving a pelB leader 

15 sequence, Sfil, Ncol and PstI restriction sites 

16 upstream of the digested NotI site. The cloned DNA 

17 binding domain is under the control of the lac promoter 

18 found in pUC119. 
19 

2 0 Preparation of pDH6 

21 

22 The pDM12 vector was constructed by inserting an 

23 oestrogen receptor DNA binding domain, modified by 

24 appropriate PCR primers, into a phagemid vector pDM6 . 

25 The pDM6 vector is based on the gene pill phage display 

26 vector pHENl (Hoogenboom et al., 1991, Nucleic Acids 

27 Res. 19: 4133-4137), itself derived from pUC119 (Viera, 

28 J. and Messing, J., 1987, Methods in Enzymol. 153: 

29 3-11) . It was constructed by amplifying the pill gene 

30 in pHENl with two oligonucleotides: 
31 

32 PDM6BAK: 5 -TTT TCT GCA GTA ATA GGC GGC CGC AGG GGG AGG 

3 3 AGG GTC CAT CGA AGG TCG CGA AGC AGA GAC TGT TGA AAG T-3 
34 (SEQ ID No 19) and 

35 

3 6 PDM6FOR: 5 - TTT TGA ATT CTT ATT AAC CAC CGA ACT GCG 
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1 GGT GAC GCC AAG CGC TTG CGG CCG TTA AGA CTC CTT ATT ACG 

2 CAG-3 (SEQ ID No 20). 
3 

4 and cloning the Pstl-EcoRI digested PCR product back 

5 into similarly digested pHENl, thereby removing the 

6 c-myc tag sequence and supE TAG codon from pHENl * The 

7 pDM6 vector contains a (Gly) 4 Ser linker, Factor Xa 

8 cleavage site, a full length gene III, and streptavidin 

9 tag peptide sequence (Schmidt, T.G. and Skerra, A., 

10 1993, Protein Engineering 6: 109-122), all of which can 

11 be removed by Notl-EcoRI digestion and agarose gel 

12 electrophoresis, leaving a pelB leader sequence, Sfil, 

13 Ncol and PstI restriction sites upstream of the 

14 digested NotI site. The cloned DNA binding domain is 

15 under the control of the lac promoter found in pUC119. 
16 

17 The oestrogen receptor DNA binding domain was isolated 

18 from cDNA prepared from human bone marrow (Clontech, 

19 Palo Alto, California, U.S.A.) • cDNA can be prepared by 

20 many procedures well known to those skilled in the art. 

21 As an example, the following method using a Superscript 

22 plasmid cDNA synthesis kit can be used: 
23 

24 (a) First strand synthesis. 

25 

2 6 5fxg of bone marrow mRNA, in 5/xl DEPC-treated water was 

27 thawed on ice and 2fil (SOpmol) of cDNA synthesis primer 

28 ( 5 1 -AAAAGCGGCCGCACTGGCCTGAGAGA (N) 6 -3 1 ) (SEQ ID No 21) 

29 was added to the mRNA and the mixture heated to 70°C 

3 0 for 10 minutes, then snap-chilled on ice and spun 

31 briefly to collect the contents to the bottom of the 

32 tube. The following were then added to the tube: 

3 3 lOOOu/ml RNAguard 1^1 

34 5x first strand buffer 4^1 

3 5 0. 1M DTT 2/il 

3 6 10mM dNTPs 1/il 
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1 200u/>l Superscript II reverse transcriptase 5/il 

2 The mixture was mixed by pipetting gently and incubated 

3 at 37°C for 1 hour, then placed on ice. 
4 

5 (b) second strand synthesis. 

6 

7 The following reagents were added to the first strand 



8 reaction: 

9 DEPC-treated water 93ptl 

10 5x second strand buffer 3 0/xl 

11 lOmM dNTPs 3^1 

12 10U//X1 E. coli DNA ligase 1/il 

13 lOu/^tl E. coli DNA polymerase 4/xl 

14 2u/ja1 E. coli RNase H Ipl 



15 The reaction was vortex mixed and incubated at 16 °C for 

16 2 hours. 2^1 (lOu) of T4 DNA polymerase was added and 

17 incubation continued at 16 °C for 5 minutes. The 

18 reaction was placed on ice and lOfil 0 . 5M EDTA added, 

19 then phenol-chloroform extracted, precipitated and 
2 0 vacuum dried. 

21 

22 (c) Sal I adaptor ligation. 

23 

24 The cDNA pellet was resuspended in 25/xl DEPC-treated 

25 water, and ligation set up as follows. 



2 6 cDNA 2 5^1 

27 5x T4 DNA ligase buffer 10/zl 

28 Ifig/fxl Sal I adapters* 10^1 

29 lu//ulT4 DNA ligase 5/xl 



30 *Sal I adapters: TCGACCCACGCGTCCG-3 5 (SEQ ID No 22) 

31 GGGTGCCGAGGC-5 ' (SEQ ID No 23) 

32 The ligation was mixed gently and incubated for 16 

33 hours at 16°C, then phenol-chloroform extracted, 

34 precipitated and vacuum dried. The cDNA/adaptor pellet 
3 5 was resuspended in 41^1 of DEPC-treated water and 

36 digested with 60 units of NotI at 37 °C for 2 hours, 
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1 then phenol-chloroform extracted, precipitated and 

2 vacuum dried. The cDNA pellet was re-dissolved in lOO^tl 

3 TEN buffer (lOmM Tris pH 7.5, 0 . ImM EDTA , 25mM NaCl) 

4 and size fractionated using a Sephacryl S-500 HR column 

5 to remove unligated adapters and small cDNA fragments 

6 (<400bp) according to the manufacturers instructions. 

7 Fractions were checked by agarose gel electrophoresis 

8 and fractions containing cDNA less than 4 00 base pairs 

9 discarded, while the remaining fractions were pooled. 
10 

11 (d) PCR amplification of oestrogen receptor DNA binding 

12 domain. 

13 

14 The oestrogen receptor was PCR amplified from 5^1 (150- 

15 250ng) of bone marrow cDNA using 25pmol of each of the 

16 primers pDM12FOR (SEQ ID No 24) (5'- 

17 AAAAGAATTCTGAATGTGTTATTTTAGCTCAGGTCACTCTGACCTGATTATCAAG 

18 ACCCCACTTCACCCCCT) and pDM12BAK (SEQ ID No 25) (5'- 

19 AAAAGCGGCCGCAGGGGGAGGAGGGTCCATGGAATCTGCCAAGGAG— 3 ' ) in 

20 two 50/xl reactions containing 0 . ImM dNTPs , 2.5 units 

21 Taq DNA polymerase, and lx PCR reaction buffer (lOmM 

22 Tris-HCl pH 9.0, 5mM KC1, 0.01% Triton X"-100, 1.5mM 

23 MgCl 2 ) (Promega Ltd, Southampton, U.K.). The pDM12F0R 

24 primer anneals to the 3 1 -end of the DNA binding domain 

25 of the oestrogen receptor and incorporates two stop 

26 codons, the 3 8 base pair consensus oestrogen receptor 

27 HRE sequence, and an EcoRI restriction site. The 

28 pDM12BAK primer anneals to the 5 ' -end of the DNA 

2 9 binding domain of the oestrogen receptor and 

30 incorporates the (Gly) 4 Ser linker and the NotI 

31 restriction site. 
32 

33 Reactions were overlaid with mineral oil and PCR 

34 carried out on a Techne PHC-3 thermal cycler for 30 

35 cycles of 94°C, 1 minute; 65°C, 1 minute; 72°C, 1 

3 6 minute. Reaction products were electrophoresed on an 
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1 agarose gel, excised and products purified from the gel 

2 using a Geneclean II kit according to the manufacturers 

3 instructions (BiolOl, La Jolla f California, U.S.A.) • 
4 

5 (e) Restriction digestion and ligation, 

6 

7 The PCR reaction appended NotI and EcoRI restriction 

8 sites, the (Gly) 4 Ser linker, stop codons and the 38 base 

9 pair oestrogen receptor target HRE nucleotide sequence 

10 to the oestrogen receptor DNA binding domain sequence 

11 (see Figure 1) . The DNA PCR fragment and the target 

12 pDM6 vector (approximately 500ng) were NotI and EcoRI 

13 digested for 1 hour at 37 °C, and DNA purified by 

14 agarose gel electrophoresis and extraction with 

15 Geneclean II kit (BiolOl, La Jolla, California, 

16 U.S.A.)- The oestrogen receptor DNA binding domain 

17 cassette was ligated into the Notl-EcoRI digested pDM6 

18 vector overnight at 16 °C, phenol/chloroform extracted 

19 and precipitated then electroporated into TGI E. coll 

20 (genotype: K12, (Alac-pro) , supE, thi, hsD5/F 1 traD36 , 

21 proA + B + , Lacl q , LacZAlS) and plated onto 2xTY agar 

22 plates supplemented with 1% glucose and 100/Ltg/ml 

2 3 ampicillin. Colonies were allowed to grow overnight at 

24 37 °C. Individual colonies were picked into 5ml 2xTY 

25 supplemented with 1% glucose and 100jLtg/ml ampicillin 

26 and grown overnight at 37°C, Double stranded phagemid 

27 DNA was isolated with a Wizard SV plasmid DNA isolation 

28 kit and the sequence confirmed with a Prism dyedeoxy 

29 cycle sequencing kit (Perkin-Elmer , Warrington, 

30 Lancashire, U.K.) using M13FOR (SEQ ID No 26) (5'- 

31 GTAAAACGACGGCCAGT) and Ml 3 REV (SEQ ID No 27) (5'- 

32 GGATAACAATTTCACACAGG) oligonucleotides. The pDM12 PDCP 

3 3 display vector DNA sequence between the Hindlll and 
34 EcoRI restriction sites is shown in Figure 1. 

35 

3 6 Example 2- Insertion of a random-primed human 
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1 lymphocyte cDNA into pDMl2 and preparation of a master 

2 PDCP stock, 

3 

4 Libraries of peptides can be constructed by many 

5 methods known to those skilled in the art. The example 

6 given describes a method for constructing a peptide 

7 library from randomly primed cDNA, prepared from mRNA 

8 isolated from a partially purified cell population. 
9 

10 mRNA was isolated from approximately 10 9 human 

11 peripheral blood lymphocytes using a polyATract 1000 

12 mRNA isolation kit (Promega, Southampton, UK). The cell 

13 pellet was resuspended in 4ml extraction buffer (4M 

14 guanidine thiocyanate, 25mM sodium citrate pH 7.1, 2% 

15 jS-mercaptoethanol) . 8ml of pre-heated (70°C) dilution 

16 buffer ( 6xSSC , lOmM Tris pH 7.4, lmM EDTA, 0.25% SDS, 

17 1% /3-mercaptoethanol) was added to the homogenate and 

18 mixed thoroughly by inversion. 10/xl of biotinylated 

19 oligo-dT (50 pmol//xl) was added, mixed and the mixture 

20 incubated at 70 °C for 5 minutes. The lymphocyte cell 

21 lysate was transferred to 6x 2ml sterile tubes and spun 

22 at 13,000 rpm in a microcentrifuge for ten minutes at 
,23 ambient temperature to produce a cleared lysate. During 

24 this centrif ugation, streptavidin coated magnetic beads 

25 were resuspended and 6ml transferred to a sterile 50ml 

26 Falcon tube, then placed in the magnetic stand in a 

27 horizontal position until all the beads were captured. 

28 The supernatant was carefully poured off and beads 

2 9 resuspended in 6ml O.SxSSC, then the capture repeated. 

3 0 This wash was repeated 3 times, and beads resuspended 
31 in a final volume of 6ml O.SxSSC. The cleared lysate 

3 2 was added to the washed beads, mixed by inversion and 

3 3 incubated at ambient temperature for 2 minutes, then 

34 beads captured in the magnetic stand in a horizontal 

35 position. The beads were resuspended gently in 2ml 

36 O.SxSSC and transferred to a sterile 2ml screwtop tube, 
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1 then captured again in the vertical position, and the 

2 wash solution discarded. This wash was repeated twice 

3 more. 1ml of DEPC-treated water was added to the beads 

4 and mixed gently. The beads were again captured and the 

5 eluted mRNA transferred to a sterile tube. 50^1 was 

6 electrophoresed to check the quality and quantity of 

7 mRNA , while the remainder was precipitated with 0.1 

8 volumes 3M sodium acetate and three volumes absolute 

9 ethanol at -80 °C overnight in 4 aliquots in sterile 
10 1.5ml screwtop tubes. 

11 

12 Double stranded cDNA was synthesised as described in 

13 Example 1 using 5fig of lymphocyte mRNA as template. 

14 The cDNA was PCR amplified using oligonucleotides 

15 CDNAPCRFOR (SEQ ID No 28) (5'- 

16 AAAGCGGCCGCACTGGCCTGAGAGA) , which anneals to the cDNA 

17 synthesis oligonucleotide described in Example 1 which 

18 is present at the 3 ' -end of all synthesised cDNA 

19 molecules incorporates a NotI restriction site, and an 

20 equimolar mixture of CDNAPCRBAK1 , CDNAPCRBAK2 and 

21 CDNAPCRBAK3 . 

22 CDNAPCRBAK1: (SEQ. ID No 29) 5*- 

2 3 AAAAGGCCCAGCCGGCCATGGCCCAGCCCACCACGCGTCCG , 

2 4 CDNAPCRBAK2: (SEQ ID No 3 0) 5'- 

2 5 AAAAGGCCCAGCCGGCCATGGCCCAGTCCCACCACGCGTCCG , 

26 CDNAPCRBAK3: (SEQ ID No 31) 5'- 

27 AAAAGGCCCAGCCGGCCATGGCCCAGTACCCACCACGCGTCCG) , 

28 all three of which anneal to the Sail adaptor sequence 

29 found at the 5 1 -end of the cDNA and incorporate a Sfil 

30 restriction site at the cDNA 5* -end. Ten PCR reactions 

31 were carried out using 2/il of cDNA (50ng) per reaction 

32 as described in Example 1 using 25 cycles of 94 °C, 1 

33 minute; 60°C, 1 minute; 72°C, 2 minutes. The reactions 

34 were pooled and a 2 0jxl aliquot checked by agarose gel 

3 5 electrophoresis, the remainder was phenol/ chloroform 

3 6 extracted and ethanol precipitated and resuspended in 
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1 100/xl sterile water, Sjjig of pDM12 vector DNA and 

2 lymphocyte cDNA PCR product were Sfil-NotI digested 

3 phenol/ chloroform extracted and small DNA fragments 

4 removed by size selection on Chromaspin 1000 spin 

5 columns (Clontech, Palo Alto, California, U.S.A.) by 

6 centrif ugation at 700g for 2 minutes at room 

7 temperature. Digested pDM12 and lymphocyte cDNA were 

8 ethanol precipitated and ligated together for 16 hours 

9 at 16 °C. The ligated DNA was precipitated and 

10 electroporated in to TGI E. coli . Cells were grown in 

11 lml SOC medium per cuvette used for 1 hour at 37 °C, and 

12 plated onto 2xTY agar plates supplemented with 1% 

13 glucose and 100/ig/ml ampicillin. 10" 1 , 10" 5 and 10 6 

14 dilutions of the electroporated bacteria were also 

15 plated to assess library size. Colonies were allowed to 

16 grow overnight at 30 °C. 2xl0 8 ampicillin resistant 

17 colonies were recovered on the agar plates. 

18 The bacteria were then scraped off the plates into 4 0ml 

19 2xTY broth supplemented with 20% glycerol, 1% glucose 

20 and 100/ig/ml ampicillin. 5ml was added to a 20ml 2xTY 

21 culture broth supplemented with 1% glucose and 100/xg/ml 

22 ampicillin and infected with 10 11 kanamycin resistance 

23 units (kru) M13K07 helper phage at 37°C for 30 minutes 

24 without shaking, then for 30 minutes with shaking at 

25 200rpm. Infected bacteria were transferred to 200ml 

26 2xTY broth supplemented with 25/xg/ml kanamycin, 

27 100/xg/ml ampicillin, and 2 0jiM IPTG, then incubated 

28 overnight at 37 °c, shaking at 200rpm. Bacteria were 

29 pelleted at 4000rpm for 20 minutes in 50ml Falcon 

30 tubes, and 40ml 2 . 5M NaCl/20% PEG 6000 was added to 

31 200ml of particle supernatant, mixed vigorously and 

32 incubated on ice for 1 hour to precipitate PDCP 

33 particles. Particles were pelleted at llOOOrpm for 30 

34 minutes in 250ml Oakridge tubes at 4°C in a Sorvall 

35 RC5B centrifuge, then resuspended in 2ml PBS buffer 

36 after removing all traces of PEG/NaCl with a pipette, 
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then bacterial debris removed by a 5 minute 13 500rpm 
spin in a microcentrifuge. The supernatent was filtered 
through a 0.45/xm polysulfone syringe filter and stored 
at -20°C. 



Example 3 • Isolation of human immunoglobulin kappa 
light chains by repeated rounds of selection against 
anti-human kappa antibody. 

For the first round of library selection a 70xllmm NUNC 
Maxisorp Immunotube (Life Technologies, Paisley, 
Scotland U.K.) was coated with 2.5ml of 10/xg/ml of 
anti-human kappa antibody (Seralab, Crawley Down, 
Sussex, U.K.) in PBS for 2 hours at 37°C* The tube was 
rinsed three times with PBS (fill & empty) and blocked 
with 3ml PBS/2% BSA for 2 hours at 37 °C and washed as 
before. 4xl0 12 a.r.u. of pDMl 2 -lymphocyte cDNA PDCP 
stock was added in 2ml 2% BSA/PBS/O . 05% Tween 20, and 
incubated for 3 0 minutes on a blood mixer, then for 90 
minutes standing at ambient temperature. The tube was 
washed ten times with PBS/ 0.1% Tween 20, then a further 
ten times with PBS only. Bound particles were eluted in 
lml of freshly prepared 0.1M triethylamine for 10 
minutes at ambient temperature on a blood mixer. Eluted 
particles were transferred to 0.5ml 1M Tris pH 7.4, 
vortex mixed briefly and transferred to ice. 

Neutralised particles were added to 10ml log phase TGI 
E coli bacteria (optical density: OD 600nm 0.3-0.5) and 
incubated at 37°C without shaking for 30 minutes, then 
with shaking at 2 00rpm for 3 0 minutes. 10* 3 , 10"* & 10" 5 
dilutions of the infected culture were prepared to 
estimate the number of particles recovered, and the 
remainder was spun at 4 000 rpm for 10 minutes, and the 
pellet resuspended in 300^x1 2xTY medium by vortex 
mixing. Bacteria were plated onto 2xTY agar plates 
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1 supplemented with 1% glucose and lOO/xg/ml ampicillin. 

2 Colonies were allowed to grow overnight at 30°C. 

3 

4 A PDCP stock was prepared from the bacteria recovered 

5 from the first round of selection, as described in 

6 Example 2 from a 100ml overnight culture. 250/il of the 

7 round 1 amplified PDCP stock was then selected against 

8 anti-human kappa antibody as described above with the 

9 tube was washed twelve times with PBS/0.1% Tween 20, 
10 then a further twelve times with PBS only. 

11 

12 To identify selected clones, eighty-eight individual 

13 clones recovered from the second round of selection 

14 were then tested by ELISA for binding to anti-human 

15 kappa antibody. Individual colonies were picked into 

16 100/zl 2xTY supplemented with 100^g/ml ampicillin and 1% 

17 glucose in 96-well plates (Costar) and incubated at 

18 37 °C and shaken at 200rpm for 4 hours. 25/il of each 

19 culture was transferred to a fresh 96-well plate, 

20 containing 25ftl/well of the same medium plus 10 7 k.r.u. 

21 M13K07 kanamycin resistant helper phage and incubated 
2 2 at 37 °C for 3 0 minutes without shaking, then incubated 

2 3 at 37 °C and shaken at 200rpm for a further 3 0 minutes. 

24 160/xl of 2xTY supplemented with 100/xg/ml ampicillin, 

25 25/ig/ml kanamycin, and 20/xM IPTG was added to each well 

26 and particle amplification continued for 16 hours at 

27 37°C while shaking at 200rpm. Bacterial cultures were 

28 spun in microtitre plate carriers at 2000g for 10 

29 minutes at 4°C in a benchtop centrifuge to pellet 

3 0 bacteria and culture supernatant used for ELISA. 
31 

3 2 A Dynatech Immulon 4 ELISA plate was coated with 

3 3 200ng/well anti-human kappa antibody in 100^1 /well PBS 

34 for one hour at 37°C. The plate was washed 2x200/xl/well 

35 PBS and blocked for 1 hour at 37°C with 200/al/well 2% 

36 BSA/PBS and then washed 2x200/xl/well PBS. 50^1 PDCP 
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1 culture supernatant was added to each well containing 

2 50/xl/well 4% BSA/PBS/ 0 . l%Tween 20, and allowed to bind 

3 for 1 hour at ambient temperature. The plate was washed 

4 three times with 200^1/well PBS/0.1% Tween 20, then 

5 three times with 200^1/well PBS. Bound PDCPs were 

6 detected with 100^1/well, 1:5000 diluted anti-M13-HRP 

7 conjugate (Pharmacia) in 2% BSA/PBS/0 . 05% Tween 2 0 for 

8 1 hour at ambient temperature and the plate washed six 

9 times as above. The plate was developed for 5 minutes 

10 at ambient temperature with lOO^tl/well freshly prepared 

11 TMB ( 3 , 3 * , 5 , 5 ' -Tetramethylbenzidine) substrate buffer 

12 (0.005% H 2 0 2 , O.lmg/ml TMB in 24mM citric acid/52mM 

13 sodium phosphate buffer pH 5.2). The reaction was 

14 stopped with lOO^tl/well 12.5% H 2 S0 4 and read at 450nm. 

15 (ELISA data for binding clones is shown in Figure 2) . 
16 

17 These clones were then sequenced with Ml 3 REV primer 

18 (SEQ ID No 27) as in Example 1. The sequence of two of 

19 the clones isolated is shown in Figure 3 (see SEQ ID 

20 Nos 7 to 10) . 
21 

22 Example 4. Construction of the pDM14 N-terminal display 

2 3 vector 

24 

25 It would be useful to design vectors that contain a 

26 second DBD binding sequence, such as a second oestrogen 

27 receptor HRE sequence, thus allowing the display of 

28 increased numbers of peptides per PDCP. Peale et al. 

29 (1988, Proc. Natl. Acad. Sci. USA 85: 1038-1042) 

3 0 describe a number of oestrogen receptor HRE sequences. 

31 These sequences were used to define an HRE sequence, 

32 which differs from that cloned in pDM12, which we used 
3 3 to create a second N-terminal display vector (pDM14) . 
34 The oligonucleotide: 5 1 -AAAAGAATTCGAGGTTACATTAACTTTGTT 
3 5 CCGGTCAGACTGACCCAAGTCGACCTGAATGTGTTATTTTAG-3 * (SEQ ID 
36 No 32) was synthesised and used to mutagenise pDM12 by 
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1 PCR with pDM12BAK oligonucleotide as described in 

2 Example 1 using lOOng pDM12 vector DNA as template. The 

3 resulting DNA fragment, which contained the oestrogen 

4 receptor DBD and two HRE sequences separated by a Sail 

5 restriction enzyme site, was Notl-EcoRI restriction 

6 enzyme digested and cloned into Notl-EcoRI digested 

7 pDM12 vector DNA as described in Example 1 to create 

8 pDM14 • The sequence of pDM14 between the Hindlll and 

9 EcoRI restriction enzyme sites was checked by DNA 

10 sequencing. The final vector sequence between these two 

11 sites is shown in Figure 4 (see SEQ ID Nos 11 and 12) • 
12 

13 Example 5. Construction of the pDM16 C-terminal display 

14 vector 

15 

16 In order to demonstrate the display of peptides fused 

17 to the C-terminus of a DBD on a PDCP a suitable vector, 

18 pDM16, was created. 
19 

2 0 In pDM16 the pelB leader DNA sequence is fused directly 

21 to the oestrogen receptor DBD sequence removing the 

22 multiple cloning sites and the Gly 4 Ser linker DNA 

23 sequence found in pDM12 and pDM14 , which are appended 
2 4 to the C-terminal end of the DBD sequence upstream of 

2 5 the HRE DNA sequence. 
26 

27 To create this vector two separate PCR reactions were 

28 carried out on a Techne Progene thermal cycler for 3 0 

29 cycles of 94°C f 1 minute; 60°C, 1 minute; 72°C, 1 

3 0 minute. Reaction products were electrophoresed on an 

31 agarose gel, excised and products purified from the gel 

32 using a Mermaid or Geneclean II kit, respectively, 

33 according to the manufacturers instructions (BiolOl, La 

34 Jolla, California, U.S.A.). 
35 

36 In the first, the 5 ' -untranslated region and pelB 
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1 leader DNA sequence was amplified from lOOng of pDM12 

2 vector DNA using SOpmol of each of the oligonucleotides 

3 pelBFOR (SEQ ID No 33) ( 5 ' -CCTTGGCAGATTCCATCT 

4 CGGCCATTGCCGGC-3 ' ) and Ml 3 REV (SEQ ID NO 27) (see 

5 above) in a 100/xl reaction containing 0 . ImM dNTPs , 2.5 

6 units Taqplus DNA polymerase, and Ix High Salt PCR 

7 reaction buffer (20mM Tris-HCl pH 9.2, 60mM KCl, 2mM 

8 MgCl 2 ) (Stratagene Ltd, Cambridge, U.K.). 
9 

10 In the second, the 3 ' -end of the pelB leader sequence 

11 and the oestrogen receptor DBD was amplified from lOOng 

12 of pDM12 vector DNA using SOpmol of each of the 

13 oligonucleotides pelBBAK (SEQ ID No 34) (5'-CCGGCAA 

14 TGGCCGAGATGGAATCTGCCAAGG-3 ' ) and pDM16FOR (SEQ ID No 

15 3 5) ( 5 ' -TTTTGTCGACTCAATCAGTTATGCGGCCGCCAGCTGCAGG 

16 AGGGCCGGCTGGGCCGACCCTCCTCCCCCAGACCCCACTTCACCCC-3 ' ) in a 

17 lOO^tl reaction containing 0 . ImM dNTPs, 2.5 units 

18 Taqplus DNA polymerase, and Ix High Salt PCR reaction 

19 buffer (Stratagene Ltd, Cambridge, U.K.). Following gel 

20 purification both products were mixed together and a 

21 final round of PCR amplification carried out to link 

22 the two products together as described above, in a 

23 lOOjxl reaction containing O.lmM dNTPs, 2.5 units Taq 

24 DNA polymerase, and lx PCR reaction buffer (lOmM Tris- 

25 HC1 pH 9.0, 5mM KCl, 0.01% Triton X"-100, 1 . 5mM MgCl 2 ) 

2 6 (Promega Ltd, Southampton, U.K.). 
27 

28 The resulting DNA fragment, was Hindlll-Sall 

29 restriction enzyme digested and cloned into Hindlll- 

30 Sail digested pDM14 vector DNA as described in Example 

31 1 to create pDM16. The sequence of pDM16 between the 

32 Hindlll and EcoRI restriction enzyme sites was checked 

3 3 by DNA sequencing. The final vector sequence between 

34 these two sites is shown in Figure 5 (see SEQ ID Nos 13 

35 and 14) . 
36 
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1 Example 6. Display of the C-terminal fragment of human 

2 N-cadherin on the surface of a PDCP 

3 

4 cDNA libraries of peptides can be constructed by many 

5 methods known to those skilled in the art. One commonly 

6 used method for constructing a peptide library uses 

7 oligo dT primed cDNA, prepared from polyA+ mRNA. In 

8 this method the first-strand synthesis is carried out 

9 using an oligonucleotide which anneals to the 3 ' -end 

10 polyA tail of the mRNA composed of T n (where n is 

11 normally between 10 and 2 0 bases) and a restriction 

12 enzyme site such as NotI to facilitate cloning of cDNA. 

13 The cDNA cloned by this method is normally composed of 

14 the polyA tail, the 3'- end untranslated region and the 

15 C-terminal coding region of the protein. As an example 

16 of the C-terminal display of peptides on a PDCP, a 

17 human cDNA isolated from a library constructed by the 

18 above method was chosen. 
19 

20 The protein N-cadherin is a cell surface molecule 

21 involved in cell-cell adhesion. The C-terminal 

22 cytoplasmic domain, of the human protein (Genbank 

23 database accession number: M34064) is recognised by a 

24 commercially available monoclonal antibody which was 

25 raised against the C-terminal 23 amino acids of chicken 

26 N-cadherin (SIGMA catalogue number: C-1821) . The 1.4kb 

27 human cDNA fragment encoding the C-terminal 99 amino 

28 acids, 3'- untranslated region and polyA tail (NotI 

29 site present at the 3 1 -end of the polyA tail) was 

3 0 amplified from approximately 2 0ng pDM7-NCAD#C with 

31 25pmol of each oligonucleotide M13FOR (SEQ ID No 26) 

3 2 and CDNPCRBAK1 (SEQ ID No 29) (see above) in a 50/il 

3 3 reaction containing 0 . ImM dNTPs , 2.5 units Taqplus DNA 

34 polymerase, and lx High Salt PCR reaction buffer (20mM 

35 Tris-HCl pH 9.2, 60mM KC1, 2mM MgCl 2 ) (Stratagene Ltd, 

3 6 Cambridge, U.K.) on a Techne Progene thermal cycler for 
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1 30 cycles of 94°C, 1 minute; 60°C / 1 minute; 72°C, 1 

2 minute. Following gel purification and digestion with 

3 Sfil and NotI restiction enzymes, the PCR product was 

4 cloned into pDM16 using an analogous protocol as 

5 described in Example 1. 
6 

7 Clones containing inserts were identified by ELISA of 

8 96 individual PDCP cultures prepared as described in 

9 Example 3 . A Dynatech Immulon 4 ELISA plate was coated 

10 with 1:250 diluted anti-pan cadherin monoclonal 

11 antibody in 100/xl /well PBS overnight at 4QC. The plate 

12 was washed 3x200/*l/well PBS and blocked for 1 hour at 

13 37 °C with 200^1/well 2% Marvel non-fat milk powder/PBS 

14 and then washed 2x200/xl/well PBS. 50^1 PDCP culture 

15 supernatant was added to each well containing 50^1/well 

16 4% Marvel/PBS, and allowed to bind for 1 hour at 

17 ambient temperature. The plate was washed three times 

18 with 200/xl/well PBS/0.1% Tween 20, then three times 

19 with 200jul/well PBS. Bound PDCPs were detected with 

20 100/xl/well, 1:5000 diluted anti-M13-HRP conjugate 

21 (Pharmacia) in 2% Marvel/PBS for 1 hour at ambient 

2 2 temperature and the plate washed six times as above. 

2 3 The plate was developed for 15 minutes at ambient 

24 temperature with 100^1/well freshly prepared TMB 

2 5 (3 , 3 f , 5 , 5 * -Tetramethylbenzidine) substrate buffer 

26 (0.005% H 2 0 2 , O.lmg/ml TMB in 24mM citric acid/52mM 

27 sodium phosphate buffer pH 5.2). The reaction was 

28 stopped with 100^1/well 12.5% H 2 S0 4 and read at 450nm. 

29 The nucleotide sequence of an ELISA positive clone 

3 0 insert and DBD junction was checked by DNA sequencing 
31 using oligonucleotides M13FOR (SEQ ID No 26) (see 

3 2 Example 1) and ORSEQBAK (SEQ ID No 36) (5'- 

3 3 TGTTGAAACACAAGCGCCAG-3 ' ) . 

34 

35 A fifty-fold concentrated stock of C-terminal N- 

3 6 cadherin PDCP particles was prepared by growing the un- 
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1 infected TGI clone in 1ml 2xTY culture broth 

2 supplemented with 1% glucose and 100/zg/ml ampicillin 

3 for five hours at 37°C, shaking at 200rpm and infecting 

4 with 10* kanamycin resistance units (kru) M13K07 helper 

5 phage at 37 °C for 30 minutes without shaking, then for 

6 30 minutes with shaking at 2 00rpm. Infected bacteria 

7 were transferred to 20ml 2xTY broth supplemented with 

8 25^g/ml kanamycin, 100/xg/ml ampicillin, and 20/zM IPTG, 

9 then incubated overnight at 30°C / shaking at 200rpm. 

10 Bacteria were pelleted at 4000rpm for 20 minutes in 

11 50ml Falcon tubes, and 4ml 2 . 5M NaCl/20% PEG 6000 was 

12 added to 2 0ml of PDCP supernatant, mixed vigorously and 

13 incubated on ice for 1 hour to precipitate particles. 
14 

15 The particles were pelleted at llOOOrpm for 30 minutes 

16 in 50ml Oakridge tubes at 4°C in a Sorvall RC5B 

17 centrifuge, then resuspended in PBS buffer after 

18 removing all traces of PEG/NaCl with a pipette, then 

19 bacterial debris removed by a 5 minute 13500rpm spin in 

20 a microcentrifuge. The supernatant was filtered through 

21 a 0.45/xm polysulfone syringe filter. The concentrated 

22 stock was two-fold serially diluted and used in ELISA 

23 against plates coated with ant i-pan-cadherin antibody 

24 as described above (see Figure 6) . 
25 

2 6 This example demonstrates the principle of C-terminal 

27 display using PDCPs, that C-terminal DBD-peptide fusion 

28 PDCPs can be made which can be detected in ELISA, and 

29 the possibility that oligo dT primed cDNA libraries may 

30 be displayed using this method. 
31 

32 Example 7. Display of in vivo biotinylated c-terminal 

3 3 domain of human propionyl CoA carboxylase on the 
34 surface of a PDCP 

35 

3 6 Example 6 shows that the C-terminal domain of human N- 
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1 cadherin can be expressed on the surface of a PDCP as a 

2 C-terminal fusion with the DBO • Here it is shown that 

3 the C-terminal domain of another human protein 

4 propionyl CoA carboxylase alpha chain (Genbank 

5 accession number: X14608) can similarly be displayed, 

6 suggesting that this methodology may be general* 
7 

8 The alpha sub-unit of propionyl CoA carboxylase alpha 

9 chain (PCC) contains 703 amino acids and is normally 

10 biotinylated at position 669. It is demonstrated that 

11 the PCC peptide displayed on the PDCP is biotinylated, 

12 as has been shown to occur when the protein is 

13 expressed in bacterial cells (Leon-Del-Rio & Gravel; 

14 1994, J. Biol. Chem. 37, 22964-22968). 
15 

16 The 0.8kb human cDNA fragment of PCC alpha encoding the 

17 C-terminal 95 amino acids, 3'- untranslated region and 

18 polyA tail (NotI site present at the 3 ' -end of the 

19 polyA tail) was amplified and cloned into pDM16 from 

20 approximately 20ng pDM7-PCC#C with 25pmol of each 

21 oligonucleotide M13FOR (SEQ ID No 26) and CDNPCRBAK1 

22 (SEQ ID No 29) as described in Example 6. 
23 

24 Clones containing inserts were identified by ELISA as 

25 described in Example 6, except that streptavidin was 

26 coated onto the ELISA plate at 250ng/well, in place of 

27 the anti-cadherin antibody. The nucleotide sequence of 

28 an ELISA positive clone insert and DBD junction was 

29 checked by DNA sequencing using oligonucleotides M13FOR 

30 (SEQ ID No 26) and ORSEQBAK (SEQ ID No 36) (see above). 

31 A fifty-fold concentrated stock of C-terminal PCC PDCP 

32 particles was prepared and tested in ELISA against 

3 3 streptavidin as described in Example 6 (see Figure 7) . 
34 

3 5 This example shows not only that the peptide can be 

36 displayed as a C-terminal fusion on a PDCP, but also 
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1 that in vivo modified peptides can be displayed - 
2 

3 Example 8. Construction of a human scFv PDCP display 

4 library 

5 

6 This example describes the generation of a human 

7 antibody library of scFvs made from an un- immunised 

8 human. The overall strategy for the PCR assembly of 

9 scFv fragments is similar to that employed by Marks, J, 

10 D. et al. 1991, J. Mol. Biol. 222: 581-597. The 

11 antibody gene oligonucleotides used to construct the 

12 library are derived from the Marke et al., paper and 

13 from sequence data extracted from the Kabat database 

14 (Kabat, E. A. et al., Sequences of Proteins of 

15 Immunological Interest. 4 th edition. U.S. Department of 

16 Health and Human Services. 1987). The three linker 

17 oligonucleotides are described by Zhou et al. (1994, 

18 Nucleic Acids Res., 22: 888-889), all oligonucleotides 

19 used are detailed in Table 1. 
20 

21 First, mRNA was isolated from peripheral blood 

22 lymphocytes and cDNA prepared for four repertoires of 

23 antibody genes IgD, IgM, Ig/c and IgX, using four 

24 separate cDNA synthesis primers. VH genes were 

25 amplified from IgD and IgM primed cDNA, and VL genes 

26 were amplified from Ig/c and IgX primed cDNA. A portion 

27 of each set of amplified heavy chain or light chain DNA 

28 was then spliced with a separate piece of linker DNA 

29 encoding the 15 amino acids (Gly 4 Ser) 3 (Huston, J. S. 
3 0 et al. 1989, Gene, 77: 61). The 3 ' -end of the VH PCR 

31 products and the 5 1 -end of the VL PCR products overlap 

32 the linker sequence as a result of incorporating linker 

33 sequence in the JH , V/c and VX family primer sets (Table 

34 1) . Each VH-linker or linker-VL DNA product was then 

3 5 spliced with either VH or VL DNA to produce the primary 

36 scFv product in a VH-linker-VL configuration. This scFv 
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1 product was then amplified and cloned into pDM12 as a 

2 Sfil-NotI fragment, electroporated into TGI and a 

3 concentrated PDCP stock prepared. 
4 

5 mRNA isolation and cDNA synthesis. 

6 Human lymphocyte mRNA was purified as described in 

7 Example 2 . Separate cDNA reactions were performed with 

8 IGDCDNAFOR (SEQ ID No 37) , IGMCDNAFOR (SEQ ID No 38) , 

9 IGKCDNAFOR (SEQ ID No 39) and IGXCDNAFOR (SEQ ID No 40) 

10 oligonucleotides. SOpmol of each primer was added to 

11 approximately Sfsg of mRNA in 20^1 of nuclease free 

12 water and heated to 70°C for 5 minutes and cooled 

13 rapidly on ice, then made up to a final reaction volume 

14 of IOOmI containing 50mM Tris pH 8.3, 75mM KC1, 3mM 

15 MgCl 2 , lOmM DTT, 0 . 5mM dNTPs , and 2000 units of 

16 Superscript II reverse transcriptase (Life 

17 Technologies, Paisley, Scotland, U.K.). The reactions 

18 were incubated at 3 7°C for two hours, then heated to 

19 95°C for 5 minutes. 
20 

2 1 Primary PCRs . 

22 For the primary PCR amplifications separate 

23 amplifications were set up for each family specific 

2 4 primer with either an equimolar mixture of the JHFOR 

25 primer set (SEQ ID Nos 41 to 44) for IgM and IgD cDNA, 

26 or with SCFV/cFOR (SEQ ID No 51) or SCFVXFOR (SEQ ID No 

27 52) for IgK or IgX cDNA respectively e.g. VH1BAK and 

28 JHFOR set; V/c2BAK (SEQ ID No 54) and SCFV/cFOR (SEQ ID 

2 9 No 51) ; V\3aBAK (SEQ ID No 66) and SCFVXFOR (SEQ ID No 

30 52) etc. Thus, for IgM, IgD and Ig/c cDNA six separate 

31 reactions were set up, and seven for IgX cDNA. A 50/zl 

32 reaction mixture was prepared containing 2/xl cDNA, 

3 3 2 5pmol of the appropriate FOR and BAK primers, O.lmM 
3 4 dNTPs, 2.5 units Taqplus DNA polymerase, and Ix High 

35 Salt PCR reaction buffer (20mM Tris-HCl pH 9.2, 60mM 

36 KC1, 2mM MgCl 2 ) (Stratagene Ltd, Cambridge, U.K.). 
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1 Reactions were amplified on a Techne Progene thermal 

2 cycler for 30 cycles of 94°C, 1 minute; 60°C, 1 minute; 

3 72°C / 2 minutes, followed by 10 minutes at 72°C. Fifty 

4 microlitres of all 25 reaction products were 

5 electrophoresed on an agarose gel, excised and products 

6 purified from the gel using a Geneclean II kit 

7 according to the manufacturers instructions (BiolOl, La 

8 Jolla, California, U.S.A.)- All sets of IgD, IgM, IgK 

9 or IgX reaction products were pooled to produce VH or 

10 VL DNA sets for each of the four repertoires. These 

11 were then adjusted to approximately 20ng/Ail* 
12 

13 Preparation of linker. 

14 Linker product was prepared from eight 100/xl reactions 

15 containing 5ng LINKAMP3T (SEQ ID No 76) template 

16 oligonucleotide, SOpmol of LINKAMP3 (SEQ ID No 74) and 

17 LINKAMP5 ( SEQ ID No 75) primers, 0 . lmM dNTPs , 2.5 units 

18 Taqplus DNA polymerase, and lx High Salt PCR reaction 

19 buffer (20mM Tris-HCl pH 9.2, 60mM KC1, 2mM MgCl 2 ) 

20 (Stratagene Ltd, Cambridge, U.K.)- Reactions were 

21 amplified on a Techne Progene thermal cycler for 30 

22 cycles of 94°C, 1 minute; 60°C, 1 minute; 72°C, 1 

23 minute, followed by 10 minutes at 72°C. All reaction 

24 product was electrophoresed on a 2% low melting point 

25 agarose gel, excised and products purified from the gel 

26 using a Mermaid kit according to the manufacturers 

27 instructions (BiolOl, La Jolla, California, U.S.A.) and 

28 adjusted to 5ng/Ml* 
29 

30 First stage linking. 

31 Four linking reactions were prepared for each 

32 repertoire using 20ng of VH or VL DNA with 5ng of 

33 Linker DNA in 100/xl reactions containing (for IgM or 

34 IgD VH) SOpmol of LINKAMPFOR and VH1-6BAK set, or, 

35 SOpmol LINKAMPBAK and either SCFVkFOR (Ig/c) or SCFVXFOR 

36 (IgX), O.lmM dNTPs, 2.5 units Tag DNA polymerase, and 
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1 lx PCR reaction buffer (lOmM Tris-HCl pH 9.0, 5mM KC1, 

2 0.01% Triton X*-100, 1 . 5mM MgCl 2 ) (Promega Ltd, 

3 Southampton, U.K.). Reactions were amplified on a 

4 Techne Progene thermal cycler for 30 cycles of 94°C, 1 

5 minute; 60°C, 1 minute; 72°C, 2 minutes, followed by 10 

6 minutes at 72 °C. Reaction products were electrophoresed 

7 on an agarose gel, excised and products purified from 

8 the gel using a Geneclean II kit according to the 

9 manufacturers instructions (BiolOl, La Jolla, 
10 California, U.S.A.) and adjusted to 2 0ng//£l. 
11 

12 Final linking and reamplif ication. 

13 To prepare the final scFv DNA products, five 100/Lil 

14 reactions were performed for VH-LINKER plus VL DNA, 

15 and, five 100/xl reactions were performed for VH plus 

16 LINKER-VL DNA for each of the four final repertoires 

17 (igM VH-VK, VH-VA; IgD VH-VK, VH-VX) as described in 

18 step (d) above using 2 0ng of each component DNA as 

19 template. Reaction products were electrophoresed on an 

20 agarose gel, excised and products purified from the gel 

21 using a Geneclean II kit according to the manufacturers 

22 instructions (Biol.01, La Jolla, California, U.S.A.) and 
2 3 adjusted to 2 0ng//il. Each of the four repertoires was 
24 then re-amplified in a 100^1 reaction volume containing 
2 5 2ng of each linked product, with SOpmol VHBAK1-6 (SEQ 

2 6 ID Nos 5 3 to 58) and either the JKFOR (SEQ ID Nos 6 6 to 

27 70) or JXFOR (SEQ ID Nos 71 to 73) primer sets, in the 

28 presence of 0 . ImM dNTPs, 2.5 units Taq DNA polymerase, 

29 and lx PCR reaction buffer (lOmM Tris-HCl pH 9.0, 5mM 

3 0 KC1, 0.01% Triton X*-100, 1 . 5mM MgCl 2 ) (Promega Ltd, 

31 Southampton, U.K.). Thirty reactions were performed per 

3 2 repertoire to generate enough DNA for cloning. 

3 3 Reactions were amplified on a Techne Progene thermal 

34 cycler for 25 cycles of 94 °C, 1 minute; 65°C, 1 minute; 

35 72°C, 2 minutes, followed by 10 minutes at 72°C 

36 Reaction products were phenol-chloroform extracted, 
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1 ethanol precipitated, vacuum dried and re-suspended in 

2 80/^1 nuclease free water* 

3 

4 Cloning into pDM12. 

5 Each of the four repertoires was Sfil-NotI digested, 

6 and electrophoresed on an agarose gel, excised and 

7 products purified from the gel using a Geneclean II kit 

8 according to the manufacturers instructions (BiolOl, La 

9 Jolla, California, U.S.A.)- Each of the four 

10 repertoires was ligated overnight at 16°C in 140^1 with 

11 10/zg of Sfil-NotI cut pDM12 prepared as in Example 2, 

12 and 12 units of T4 DNA ligase (Life Technologies, 

13 Paisley, Scotland, U.K.). After incubation the 

14 ligations were adjusted to 200/xl with nuclease free 

15 water, and DNA precipitated with 1^1 20mg/ml glycogen, 

16 100/xl 7 • 5M ammonium acetate and 900^1 ice-cold (~20°C) 

17 absolute ethanol, vortex mixed and spun at I3,000rpm 

18 for 2 0 minutes in a microfuge to pellet DNA. The 

19 pellets were washed with 500/Ltl ice-cold 70% ethanol by 

20 centrifugation at 13,000rpm for 2 minutes, then vacuum 

21 dried and re-suspended in 10^1 DEPC-treated water. 1^1 
2 2 aliquots of each repertoire was electroporated into 

23 80^1 E. coli (TGI) . Cells were grown in 1ml SOC medium 

24 per cuvette used for 1 hour at 37 °C, and plated onto 

2 5 2xTY agar plates supplemented with 1% glucose and 

26 100/xg/ml ampicillin. 10"*, 10" 5 and 10* 6 dilutions of the 

27 electroporated bacteria were also plated to assess 

28 library size. Colonies were allowed to grow overnight 

29 at 30 °C. Cloning into Sfil-NotI digested pDM12 yielded 

30 an IgM-/c/X repertoire of 1.16xl0 9 clones, and an IgD-*/X 

31 repertoire of 1.2lxl0 9 clones. 
32 

3 3 Preparation of PDCP stock. 

3 4 Separate PDCP stocks were prepared for each repertoire 

3 5 library. The bacteria were then scraped off the plates 

36 into 30ml 2xTY broth supplemented with 20% glycerol, 1% 
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1 glucose and 100^tg/ml ampicillin. 3ml was added to a 

2 50ml 2xTY culture broth supplemented with 1% glucose 

3 and 100/xg/ml ampicillin and infected with 10 n kanamycin 

4 resistance units (kru) M13K07 helper phage at 37°C for 

5 3 0 minutes without shaking, then for 3 0 minutes with 

6 shaking at 200rpm. Infected bacteria were transferred 

7 to 500ml 2xTY broth supplemented with 25/xg/ml 

8 kanamycin, 100/xg/ml ampicillin, and 20/iM IPTG, then 

9 incubated overnight at 3 0 °C, shaking at 2 00rpm. 

10 Bacteria were pelleted at 4 000rpm for 2 0 minutes in 

11 50ml Falcon tubes, and 80ml 2 . 5M NaCl/20% PEG 6000 was 

12 added to 4 00ml of particle supernatant, mixed 

13 vigorously and incubated on ice for 1 hour to 

14 precipitate PDCP particles. Particles were pelleted at 

15 llOOOrpm for 30 minutes in 250ml Oakridge tubes at 4°C 

16 in a Sorvall RC5B centrifuge, then resuspended in 40ml 

17 water and 8ml 2 . 5M NaCl/20% PEG 6000 added to 

18 reprecipitate particles, then incubated on ice for 20 

19 minutes. Particles were again pelleted at llOOOrpm for 

20 30 minutes in 50ml Oakridge tubes at 4°C in a Sorvall 

21 RC5B centrifuge, then resuspended in 5ml PBS buffer, 

22 after removing all traces of PEG/NaCl with a pipette. 

23 Bacterial debris was removed by a 5 minute 13500rpm 

24 spin in a microcentrifuge. The supernatant was filtered 

25 through a 0.4 5/im polysulfone syringe filter, adjusted 

26 to 20% glycerol and stored at -70°C. 
27 

28 Example 9, Isolation of binding activity from a N- 

29 terminal display PDCP library of human scFvs 

30 

31 The ability to select binding activities to a target of 

3 2 interest from a human antibody library is important due 

3 3 to the possibility of generating therapeutic human 

34 antibodies. In addition, such libraries allow the 

3 5 isolation of antibodies to targets which cannot be used 

36 for traditional methods of antibody generation due to 
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1 toxicity, low immunogenicity or ethical considerations. 

2 In this example we demonstrate the isolation of 

3 specific binding activities against a peptide antigen 

4 from a PDCP library of scFvs from an un-immunised 

5 human . 
6 

7 The generation of the library, used for the isolation 

8 of binding activities in this example, is described in 

9 Example 8. 
10 

11 Substance P is an eleven amino acid neuropeptide 

12 involved in inflammatory and pain responses in vivo. It 

13 has also been implicated in a variety of disorders such 

14 as psoriasis and asthma amongst others (Misery, L. 

15 1997, Br. J . Dertmatol . , 137: 843-850; Maggi, C. A. 

16 1997, Regul. Pept. 70: 75-90; Choi, D. C. & Kwon, O.J., 

17 1998, Curr . Opin. Pulm. Med., 4: 16-24). Human 

18 antibodies which neutralise this peptide may therefore 

19 have some therapeutic potential. As this peptide is too 

20 small to coat efficiently on a tube, as described in 

21 Example 3, selection of binding activities was 

22 performed in-solution, using N-terminal biotinylated 

23 substance P and capturing bound PDCP particles on 

24 streptavidin-coated magnetic beads. 
25 

2 6 Enrichment for substance P binding PDCP particles. 

27 An aliquot of approximately 10 13 a.r.u. IgM and IgD scFv 

28 library stock was mixed with 1/xg biotinylated substance 

29 P in 800^1 4% BSA/0.1% Tween 20/PBS, and allowed to 

3 0 bind for two hours at ambient temperature. Bound PDCPs 

31 were then captured onto 1ml of BSA blocked streptavidin 

32 coated magnetic beads for 10 minutes at ambient 

33 temperature. The beads were captured to the side of the 
3 4 tube with a magnet (Promega) , and unbound material 

3 5 discarded. The beads were washed eight times with 1ml 

36 PBS/0.1% Tween 20/ lO^g/ml streptavidin, then two times 
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1 with 1ml of PBS by magnetic capture and removal of wash 

2 buffer. After the final wash bound PDCPs were eluted 

3 with 1ml of freshly prepared 0 . 1M triethylamine for 10 

4 minutes, the beads were captured, and eluted particles 

5 transferred to 0.5ml 1M Tris-HCl pH 7.4. Neutralised 

6 particles were added to 10ml log phase TGI E. coll 

7 bacteria and incubated at 37 °C without shaking for 30 

8 minutes, then with shaking at 2 00rpm for 3 0 minutes. 

9 10' 3 , 10"* & 10* 5 dilutions of the infected culture were 

10 prepared to estimate the number of particles recovered, 

11 and the remainder was spun at 4000 rpm for 10 minutes, 

12 and the pellet resuspended in 300^1 2xTY medium by 

13 vortex mixing. Bacteria were plated onto 2xTY agar 

14 plates supplemented with 1% glucose and 100jug/ml 

15 ampicillin. Colonies were allowed to grow overnight at 

16 3 0 °C . A 100-fold concentrated PDCP stock was prepared 

17 from a 2 00ml amplified culture of these bacteria as 

18 described above, and 0.5ml used in as second round of 

19 selection with 500ng biotinylated substance P. For this 

20 round lOOjitg/ml streptavidin was included in the wash 

21 buffer. 
22 

23 ELISA identification of binding clones. 

24 Binding clones were identified by ELISA of 96 

25 individual PDCP cultures prepared as described in 

26 Example 3 from colonies recovered after the second 

27 round of selection. A Dynatech Immulon 4 ELISA plate 

28 was coated with 200ng/well streptavidin in lOO^tl /well 
2 9 PBS for 1 hour at 37 °C. The plate was washed 

30 3x200/xl/well PBS and incubated with lOng/well 

31 biotinylated substance P in 100^1 /well PBS for 30 

32 minutes at 37 °C The plate was washed 3x200^1/well PBS 

33 and blocked for 1 hour at 37 °C with 200/il/well 2% 

34 Marvel non-fat milk powder/PBS and then washed 

35 2x200/xl/well PBS. 50/xl PDCP culture supernatant was 

36 added to each well containing 50/xl/well 4% Marvel/PBS, 
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and allowed to bind for 1 hour at ambient temperature. 
The plate was washed three times with 200/zl/well 
PBS/0.1% Tween 20, then three times with 200/xl/well 
PBS. Bound PDCPs were detected with 100^1/well, 1:5000 
diluted anti-M13-HRP conjugate (Pharmacia) in 2% 
Marvel/PBS for 1 hour at ambient temperature and the 
plate washed six times as above. The plate was 
developed for 10 minutes at ambient temperature with 
100^1/well freshly prepared TMB (3 ,3', 5, 5'- 
Tetramethylbenzidine) substrate buffer (0.005% H 2 0 2/ 
O.img/ml TMB in 24mN citric acid/52mM sodium phosphate 
buffer pH 5.2). The reaction was stopped with 
100/xl/well 12.5% H 2 S0 4 and read at 450nm. Out of 96 
clones tested, 10 gave signals greater than twice 
background (background = 0.05). 

Characterization of a binding clone. 

A 50-fold concentrated PDCP stock was prepared from a 
100ml amplified culture of a single ELISA positive 
clone as described above. lOjul per well of this stock 
was tested in ELISA as described above for binding to 
streptavidin, streptavidin-biotinylated-substance P and 
streptavidin-biotinylated-CGRP (N-terminal 
biotinylated) . Binding was only observed in 
streptavidin-biotinylated-substance P coated wells 
indicating that binding was specific. In addition, 
binding to streptavidin-biotiny lated substance P was 
completely inhibited by incubating the PDCP with 1/zg/ml 
free substance P (see Figure 8) . The scFv VH (SEQ ID 
Nos 15 and 16) and VL (SEQ ID Nos 17 and 18) DNA and 
amino acid sequence was determined by DNA sequencing 
with oligonucleotides M13REV (SEQ ID No27) and ORSEQFOR 
(SEQ ID No 36) and is shown in Figure 9. 

The results indicate that target binding activities can 
be isolated from PDCP display libraries of human scFv 
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1 fragments . 
2 

3 Example 10 

4 In another example the invention provides methods for 

5 screening a DNA library whose members require more than 

6 one chain for activity, as required by, for example, 

7 antibody Fab fragments for ligand binding. To increase 

8 the affinity of an antibody of known heavy and light 

9 chain sequence, libraries of unknown light chains 

10 co-expressed with a known heavy chain are screened for 

11 higher affinity antibodies. The known heavy chain 

12 antibody DNA sequence is joined to a nucleotide 

13 sequence encoding a oestrogen receptor DNA binding 

14 domain in a phage vector which does not contain the 

15 oestrogen receptor HRE sequence. The antibody DNA 

16 sequence for the known heavy chain (VH and CHI) gene is 

17 inserted in the 5' region of the oestrogen receptor DBD 

18 DNA, behind an appropriate promoter and translation 

19 sequences and a sequence encoding a signal peptide 

2 0 leader directing transport of the downstream fusion 

21 protein to the periplasmic space. The library of 

22 unknown light chains (VL and CL) is expressed 

23 separately from a phagemid expression vector which also 

24 contains the oestrogen receptor HRE sequence. Thus when 

25 both heavy and light chains are expressed in the same 

26 host cell, following infection with the phage 

27 containing the heavy chain-DBD fusion, the light chain 

28 phagemid vector is preferentially packaged into mature 

29 phage particles as single stranded DNA, which is bound 

3 0 by the heavy chain-DBD fusion protein during the 
31 packaging process. The light chain proteins are 

3 2 transported to the periplasm where they assemble with 

33 the heavy chain that is fused to the DBD protein as it 

34 exits the cell on the PDCP. In this example the DBD 
3 5 fusion protein and the HRE DNA sequences are not 

3 6 encoded on the same vector, the unknown peptide 
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sequences are present on the same vector as the HRE 
sequence. Peptide display carrier packages (PDCP) which 
encode the protein of interest can then be selected by 
means of a ligand specific for the antibody. 
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Table 1 (i) Oligonucleotide primers used for human scFv library construction 



cDNA synthesis primers 



I gMCDN AFOR TGGAAGAGGCACGTTCTTTTCTTT 

I gDCDN AFOR CTCCTTCTTACTCTTGCTGGCGGT 

IgKCDNAFOR AGACTCTCCCCTGTTGAAGCTCTT 

I gACDNAFOR TGAAGATTCTGTAGGGGCCACTGTCTT 



JHFOR primers 



JH1-2FOR 
JH3FOR 
JH4-5FOR 
JH6FOR 



TGAACCGCCTCCACCTGAGGAGACGGTGACCAGGGTGCC 
TGAACCGCCTCCACCTGAAGAGACGGTGACCATTGTCCC 
TGAACCGCCTCCACCTGAGGAGACGGTGACCAGGGTTCC 
TGAACCGCCTCCACCTGAGGAGACGGTGACCGTGGTCCC 



VH f amilyBAKprimers 



VH1BAK TTTTTGGCCCAGCCGGCCATGGCCCAGGTGCAGCTGGTGCAGTCTGG 

VH2BAK TTTTTGGCCCAGCCGGCCATGGCCCAGGTCAACTTAAGGGAGTCTGG 

VH3BAK TTTTTGGCCCAGCCGGCCATGGCCGAGGTGCAGCTGGTGGAGTCTGG 

VH4BAK TTTTTGGCCCAGCCGGCCATGGCCCAGGTGCAGCTGCAGGAGTCGGG 

VH5BAK TTTTTGGCCCAGCCGGCCATGGCCGAGGTGCAGCTGTTGCAGTCTGC 

VH6BAK TTTTTGGCCCAGCCGGCCATGGCCCAGGTACAGCTGCAGCAGTCAGG 



Light chain FOR primers 

SCFVKFOR TTATTCGCGGCCGCCTAAACAGAGGCAGTTCCAGATTTC 
SCFVAFOR GTCACTTGCGGCCGCCTACAGTGTGGCCTTGTTGGCTTG 



VK family BAK primers 

VK1BAK TCTGGCGGTGGCGGATCGGACATCCAGATGACCCAGTCTCC 

VK2BAK TCTGGCGGTGGCGGATCGGATGTTGTGATGACTCAGTCTCC 

VK3BAK TCTGGCGGTGGCGG ATCGGAAATTGTGTTGACGCAGTCTCC 

VK4BAK TCTGGCGGTGGCGG ATCGGACATCGTGATGACCCAGTCTCC 

VK5BAK TCTGGCGGTGGCGGATCGGAAACGACACTCACGCAGTCTCC 

VK6BAK TCTGGCGGTGGCGGATCGGAAATTGTGCTGACTCAGTCTCC 
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JK1FOR TTCTCGTGCGGCCGCCTAACGTTTGATTTCCACCTTGGTCCC 

JK2FOR TTCTCGTGCGGCCGCCTAACGTTTGATCTCCAGCTTGGTCCC 

JK3FOR TTCTCGTGCGGCCGCCTAACGTTTGATATCCACTTTGGTCCC 

JK4FOR TTCTCGTGCGGCCGCCTAACGTTTGATCTCCACCTTGGTCCC 

JK5 FOR TTCTCGTGCGGCCGCCTAACGTTTAATCTCCAGTCGTGTCCC 



VA family BAK primers 

VX1BAK TCTGGCGGTGGCGGATCGCAGTCTGTGTTGACGCAGCCGCC 
VX2BAK TCTGGCGGTGGCGGATCGCAGTCTGCCCTGACTCAGCCTGC 



Table 1 (ii) Oligonucleotide primers used for human scFv library construction 



VX3aBAK TCTGGCGGTGGCGGATCGTCCTATGTGCTGACTCAGCCACC 

VA3bBAK TCTGGCGGTGGCGGATCGTCTTCTGAGCTGACTCAGGACCC 

VA4BAK TCTGGCGGTGGCGGATCGCACGTTATACTGACTCAACCGCC 

VA5BAK TCTGGCGGTGGCGGATCGCAGGCTGTGCTCACTCAGCCGTC 

VA6BAK TCTGGCGGTGGCGGATCGAATTTTATGCTGACTCAGCCCCA 



J A primers 



JA1FOR TTCTCGTGCGGCCGCCTAACCTAGGACGGTGACCTTGGTCCC 
J A2 - 3 FOR TTCTCGTGCGGCCGCCTAACCTAGG ACGGTC AGCTTGGTCCC 

JA4-5FOR TTCTCGTGCGGCCGCCTAACCTAAAACGGTGAGCTGGGTCCC 



Linker primers 



LINKAMP3 CGATCCGCCACCGCCAGA 
L I NKAMP 5 GTCTCCT CAGGTGG AGGC 

LINKAMP3T CGATCCGCCACCGCCAGAGCCACCTCCGCCTGAACCGCCTCCACCTGAGGAGAC 
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Claims 

1. A peptide display carrier package (PDCP), said 
package comprising a recombinant polynucleotide- 
chimeric protein complex wherein the chimeric 
protein has a nucleotide binding portion and a 
target peptide portion, wherein said recombinant 
polynucleotide comprises a nucleotide sequence 
motif which is specifically bound by said 
nucleotide binding portion, and wherein at least 
the chimeric protein-encoding portion of the 
recombinant polynucleotide not bound by the 
chimeric protein nucleotide binding portion is 
protected by a binding moeity. 

2. A peptide display carrier package (PDCP) as claimed 
in Claim 1, wherein said chimeric protein-encoding 
portion of the recombinant polynucleotide not bound 
by the chimeric protein nucleotide binding portion 
is protected by a non-sequence-specific protein. 

3. A peptide display carrier package (PDCP) as claimed 
in Claim 2, wherein said non-sequence-specific 
protein is a viral coat protein. 

4. A peptide display carrier package (PDCP) as claimed 
in any one of Claims 1 to 3 , wherein said target 
peptide portion is displayed externally on the 
package . 

5. A peptide display carrier package (PDCP) as claimed 
in any one of Claims 1 to 4 wherein said 
recombinant polynucleotide includes a linker 
sequence between the nucleotide sequence encoding 
the nucleotide binding portion and the nucleotide 
sequence encoding the target peptide portion. 
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1 6. A peptide display carrier package (PDCP) as claimed 

2 in any one of Claims 1 to 5 wherein said 

3 recombinant polynucleotide has two or more 

4 nucleotide sequence motifs each of which can be 

5 bound by the nucleotide binding portion of the 

6 chimeric protein. 

7 

8 7. A peptide display carrier package (PDCP) as claimed 

9 in any one of Claims 1 to 6 wherein said nucleotide 

10 binding portion is a DNA binding domain of an 

11 oestrogen or progesterone receptor. 

12 

13 8. A peptide display carrier package (PDCP) as claimed 

14 in any one of Claims 1 to 7 wherein said 

15 recombinant polynucleotide is bound to said 

16 chimeric protein as single stranded DNA. 

17 

18 9. A peptide display carrier package (PDCP) as claimed 

19 in any one of Claims 1 to 8 wherein said target 

20 peptide portion is located at the N and/or C 

21 terminal of the chimeric protein. 
22 

23 10. A peptide display carrier package (PDCP) as claimed 

24 in any one of Claims 1 to 9 which is produced in a 

25 host cell transformed with said recombinant 

26 polynucleotide and extruded therefrom without lysis 

27 of the host cell. 

28 

29 11. A recombinant polynucleotide comprising a 

30 nucleotide sequence encoding a chimeric protein 

31 having a nucleotide binding portion operably linked 

32 to a target peptide portion, wherein said 

33 polynucleotide includes a specific nucleotide 

34 sequence motif which is bound by the nucleotide 

35 binding portion of said chimeric protein and 

36 further encoding a non-sequence-specific nucleotide 
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l binding protein. 
2 

3 12. A recombinant polynucleotide as claimed in Claim 11 

4 wherein said non-sequence-specific nucleotide 

5 binding protein is a viral coat protein. 

6 

7 13 . A recombinant polynucleotide as claimed in either 

8 one of Claims 11 and 12 which includes a linker 

9 sequence between the nucleotide sequence encoding 

10 the nucleotide binding portion and the nucleotide 

11 sequence encoding the target peptide portion, 

12 

13 14. A recombinant polynucleotide as claimed in any one 

14 of Claims 11 to 13 which has two or more nucleotide 
is sequence motifs each of which can be bound by the 
16 nucleotide binding portion of the chimeric protein. 

17 

18 15. A recombinant polynucleotide as claimed in any one 

19 of Claims 11 to 14 wherein said nucleotide binding 

20 portion is a DNA binding domain of an oestrogen or 

21 progesterone receptor. 
22 

23 16. A recombinant polynucleotide as claimed in any one 

24 of Claims 11 to 15 wherein said recombinant 

25 polynucleotide is bound to said chimeric protein as 

26 single stranded DNA. 

27 

28 17. A genetic construct or set of genetic constructs 

29 which collectively comprises a polynucleotide 

30 having a sequence which includes: 

31 i) a sequence encoding a nucleotide binding 

32 portion able to recognise and bind to a 

33 specific sequence motif; 

34 ii) the sequence motif recognised and bound by the 

35 nucleotide binding portion encoded by (i) ; 

36 iii) a restriction enzyme site which permits 
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1 insertion of a polynucleotide, said site being 

2 designed to operably link said polynucleotide 

3 to the sequence encoding the nucleotide 

4 binding portion so that expression of the 

5 operably linked polynucleotide sequences 

6 yields a chimeric protein; and 

7 iv) a sequence encoding a nucleotide binding 

8 protein which binds non-specif ically to naked 

9 polynucleotide. 

10 

11 18. A genetic construct or set of genetic constructs as 

12 claimed in Claim 17 wherein a linker sequence is 

13 located between the nucleotide sequence encoding 

14 the nucleotide binding portion and the site for 

15 insertion of the polynucleotide * 

16 

17 19 • A genetic construct or set of genetic constructs as 

18 claimed in either one of Claims 17 and 18 which 

19 includes a vector pDM12 , pDM14 or pDM16, deposited 

20 at NCIMB under Nos 40970, 40971 and 40972 

21 respectively. 
22 

23 20, A method of constructing a genetic library, said 

24 method comprising: 

25 

26 a) constructing multiple copies of a recombinant 

27 vector comprising a polynucleotide sequence 

28 which encodes a nucleotide binding portion 

29 able to recognise and bind to a specific 

30 sequence motif; 

31 

32 b) operably linking each said vector to a 

33 polynucleotide encoding a target polypeptide, 

34 such that expression of said operably linked 

35 vector results in expression of a chimeric 

36 protein comprising said target peptide and 
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said nucleotide binding portions; wherein said 
multiple copies of said operably linked 
vectors collectively express a library of 
target peptide portions; 

c) transforming host cells with the vectors of 
step b) ; 

d) culturing the host cells of step c) under 
conditions suitable for expression of said 
chimeric protein; 

e) providing a recombinant polynucleotide 
comprising the nucleotide sequence motif 
specifically recognised by the nucleotide 
binding portion and exposing this 
polynucleotide to the chimeric protein of step 
d) to yield a polynucleotide-chimeric protein 
complex; and 

f) causing production of a non-sequence-specific 
moiety able to bind to the non-protected 
portion of the polynucleotide encoding the 
chimeric protein to form a peptide display 
carrier package. 

A method of screening a genetic library, said 
method comprising: 

a) exposing the polynucleotide members of said 
library to multiple copies of a genetic 
construct comprising a nucleotide sequence 
encoding a nucleotide binding portion able to 
recognise and bind to a specific sequence 
motif, under conditions suitable for the 
polynucleotides of said library each to be 
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1 individually ligated into one copy of said 

2 genetic construct, to create a library of 

3 recombinant polynucleotides; 

4 

5 b) exposing said recombinant polynucleotides to a 

6 population of host cells, under conditions 

7 suitable for transformation of said host cells 

8 by said recombinant polynucleotides; 

9 

io c) selecting for transformed host cells; 
11 

12 d) exposing said transformed host cells to 

13 conditions suitable for expression of said 

14 recombinant polynucleotide to yield a chimeric 

15 protein; and 

16 

17 e) providing a recombinant polynucleotide 

18 comprising the nucleotide sequence motif 

19 specifically recognised by the nucleotide 

20 binding portion and exposing this 

21 polynucleotide to the chimeric protein of step 

22 d) to yield a polynucleotide-chimeric protein 

23 complex; 

24 

25 f) protecting any exposed portions of the 

26 polynucleotide in the complex of step e) to 

27 form a peptide display carrier package; and 

28 

29 g) screening said peptide display carrier package 

30 to select only those packages displaying a 

31 target peptide portion having the 

32 characteristics required. 
33 

34 22. A method as claimed in Claim 21 wherein the peptide 

35 display package carrier is extruded from the host 

36 cell without lysis thereof. 
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1 23. A polynucleotide comprising a nucleotide sequence 

2 substantially as set out in SEQ ID No. 15 or SEQ ID 

3 NO. 17. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Rowett Research Services Limite-: 

(B) STREET: Greenburn 

(C) CITY: Buckburn ABERDEEN 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP) : AB21 9SB 

(ii) TITLE OF INVENTION: Chimeric binding pepc-c 
method 

(iii) NUMBER OF SEQUENCES: 7 6 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

{ B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DCS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Versi 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DMA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE : NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
TCAGGTCAGA GTGACCTGAG CTAAAATAAC AC AT TC AG 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS.: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(Xi> SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AGTCCAGTCT CACTGGACTC GATTTTATTG TGTAAGTC 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 521 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(ix) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION: 41. . 475 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

AAGCTTGCAT GCAAATTCTA TTTCAAGGAG ACAGTCATAA ATG AAA TAC CTA TTG 

Met Lys Tyr Leu Leu 
1 5 



CCT ACG GCA GCC GCT GGA TTG TTA TTA CTC GCG GCC CAG CCG GCC ATG 103 
Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala Ala Gin Pro Ala Met 
10 15 20 

GCC CAA GTG CAG CTG CAG TAA TAG GCG GCC GCA GGG GGA GGA GGG TCC 151 
Ala Gin Val Gin Leu Gin * * Ala Ala Ala Gly Gly Gly Gly Ser 
25 30 35 

ATG GAA TCT GCC AAG GAG ACT CGC TAC TGT GCA GTG TGC AAT GAC TAT 199 
Met Glu Ser Ala Lys Glu Thr Arg Tyr Cys Ala Val Cys Asn Asp Tyr 
40 45 50 

GCT TCA GGC TAC CAT TAT GGA GTC TGG TCC TGT GAG GGC TGC AAG GCC 247 
Ala Ser Gly Tyr His Tyr Gly Val Trp Ser Cys Glu Gly Cys Lys Ala 
55 60 65 

TTC TTC AAG AGA AGT ATT CAA GGA CAT AAC GAC TAT ATG TGT CCA GCC 295 
Phe Phe Lys Arg Ser lie Gin Gly His Asn Asp Tyr Met Cys Pro Ala 
70 75 80 85 

ACC AAC CAG TGC ACC ATT GAT AAA AAC AGG AGG AAG AGC TGC CAG GCC 343 
Thr Asn Gin Cys Thr lie Asp Lys Asn Arg Arg Lys Ser Cys Gin Ala 
90 95 100 

TGC CGG-CTC CGT AAA TGC TAC GAA GTG GGA ATG ATG AAA GGT GGG ATA 391 
Cys Arg Leu Arg Lys Cys Tyr Glu Val Gly Met Met Lys Gly Gly lie 
105 110 H5 

CGA AAA GAC CGA AGA GGA GGG AGA ATG TTG AAA CAC AAG CGC CAG AGA 4 39 

Arg Lys Asp Arg Arg Gly Gly Arg Met Leu Lys His Lys Arg Gin Arg 
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120 125 130 

GAT GAT GGG GAG GGC AGG GGT GAA GTG GGG TCT TGA TAATCAGGTC 
Asp Asp Gly Glu Gly Arg Gly Glu Val Gly Ser * 
135 140 145 

AGAGTGACCT GAGCTAAAAT AACACATTCA GAATTC 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala 

5 10 15 



1 



Ala Gin 3 ro Ala Met Ala Gin Val Gin Leu Gin * " Ala Ala Ala 
20 25 30 

Gly Gly Gly Gly Ser Met Glu Ser Ala Lys Glu Thr Arg Tyr Cys Ala 
35 40 45 

Val Cys Asn Aso Tvr Ala Ser Gly Tyr His Tyr Gly Val Trp Ser Cys 
50 * 55 60 

Glu Gly Cys Lvs Ala Phe Phe Lys Arg Ser He Gin Gly His Asn Asp 
65 " 70 75 80 

Tyr Met Cys Pro Ala Thr Asn Gin Cys Thr He Asp Lys Asn Arg Arg 
85 90 95 



Lys Ser Cys Gin Ala Cys Arg Leu Arg Lys Cys Tyr Glu Val Gly Met 

* 100 105 HO 

Met Lys Gly Gly He Arg Lys Asp Arg Arg Gly Gly Arg Met Leu Lys 
115 120 125 

His Lvs Arg Gin Arg Asp Asp Gly Glu Gly Arg Gly Glu Val Gly Ser 
130 135 140 



★ 
145 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 102 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: MO 
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(ix) FEATURE: 

(A) NAME/ KEY: CDS 
<B) LOCATION : 1 . . 102 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

AAA CGA ACT GTG GCT GCA CCA TCT GTC TTC ATC TTC CCG CCA TCT GAT 4 8 

Lys Arg Thr Val Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp 
150 155 160 

GAG CAG TTG AAA TCT GGA ACT GCC TCT GTT GTG TGC CTG CTG AAT AAC 96 
Glu Gin Leu Lvs Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn 
165 170 175 

TTC TAT 102 
Phe Tyr 



{2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: protein 

fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Lvs Arg Thr Val Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp 
"l 5 10 15 

Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn 
20 25 30 

Phe Tyr 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 150 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO . 
(iv) ANTI-SENSE: NO 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION : 1 . .150 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
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ATG GCC CAG CCC ACC ACG CGT CCG GGC CAA GGG ACA CGA CTG GAC ATT 4 8 

Met Ala Gin Pro Thr Thr Arg Pro Giy Gin Giv Thr Arg Leu Asp lie 
35 40 45 50 

AAA CGA ACT GTG GCT GCA CCA TCT GTC TTC ATC TTC CCG CCA TCT GAT 96 
Lys Arg Thr Vai Ala Ala Pro Ser Vai Phe lie Phe Pro Pro Ser Asp 
55 60 65 

GAG CAG TTG AAA TCT GGA ACT GCC TCT GTT GTG TGC CTG CTG AAT AAC 14 4 

Glu Gin Leu Lys Ser Gly Thr Ala Ser Vai Vai Cys Leu Leu Asa Asn 
70 75 80 

TTC TAT 150 
Phe Tyr 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Met Ala Gin Pro Thr Thr Arg Pro Gly Gin Giv Thr Arg Leu Asp lie 
1 5 10 15 

Lys Arg Thr Vai Ala Ala Pro Ser Vai Phe lie Phe Pro Pro Ser Asp 
20 25 30 

Glu Gin Leu Lys Ser Gly Thr Ala Ser Vai Vai Cys Leu Leu Asn Asn 
35 40 45 

Phe Tyr 
50 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 150 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(ix) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION:!. .150 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
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ATG GCC CAG TCC CAC CAC GCG TCC GGC GGA GGG ACC AAG GTG GAG ATC 

Met Ala Gin Ser His His Ala Ser Gly Gly Gly Thr Lys Val Glu lie 

55 60 55 

AAA CGA ACT GTG GCT GCA CCA TCT GTC TTC ATC TTC CCG CCA TCT GAT 

Lvs Ara Thr Val Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp 

r 70 75 80 



TTC TAT 
Phe Tyr 
100 



48 



96 



GAG CAG TTG AAA TCT GGA ACT GCC TCT GTT GTG TGC CTG CTG AAT- AAC 14 4 

Glu Gin Leu Lvs Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn 
85 * 90 95 



150 



£2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Met Ala Gin Ser His His Ala Ser Gly Gly Gly Thr Lys Val Glu lie 
1 5 10 15 

Lvs Arg Thr Val Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser As? 
20 25 30 

Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn 
35 40 45 

Phe Tyr 
50 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 566 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(ix) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION: 41. .475 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
AAGCTTGCAT GCAAATTCTA TTTCAAGGAG AC AGT CAT AA ATG AAA TAC CTA TTG 55 
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55 

CCT ACG GCA GCC GCT GGA TTG TTA TTA CTC GCG GCC CAG CCG GCC ATG 103 
Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala Ala Gin Pro Ala Met 
60 65 70 

GCC GAG GTG CAA CTG CAG TAA TAG GCG GCC GCA GGG GGA GGA GGG TCC 151 
Ala Glu Val Gin Leu Gin * * Ala Ala Ala Gly Gly Gly Gly Ser 
75 80 35 

ATG GAA TCT GCC AAG GAG ACT CGC TAC TGT GCA GTG TGC A^T GAC TAT 199 
Met Glu Ser Ala Lys Glu Thr Arg Tyr Cys Ala Val Cys Asn Asp Tyr 
90 95 100 

GCT TCA GGC TAC CAT TAT GGA GTC TGG TCC TGT GAG GGC TGC AAG GCC 247 
Ala Ser Gly Tvr His Tyr Gly Val Trp Ser Cys Glu Gly Cys Lys Ala 
105 - 110 115 

TTC TTC AAG AGA AGT ATT CAA GGA CAT AAC GAC TAT ATG TGT CCA GCC 295 
Phe Phe Lys Arg Ser lie Gin Gly His Asn Asp Tyr Met Cys Pro Ala 
120 125 130 135 

ACC AAC CAG TGC ACC ATT GAT AAA AAC AGG AGG AAG AGC TGC CAG GCC 343 
Thr Asn Gin Cys Thr lie Asp Lys Asn Arg Arg Lys Ser Cys Gin Ala 
140 145 150 

TGC CGG CTC CGT AAA TGC TAC GAA GTG GGA ATG ATG AAA GGT GGG ATA 391 
Cys Arg Leu Arg Lys Cys Tyr Glu Val Gly Met Met Lys Gly Gly lie 
155 160 165 

CGA AAA GAC CGA AGA GGA GGG AGA ATG TTG AAA CAC AAG CGC CAG AGA 439 
Arg Lys Asp Arg Arg Gly Gly Arg Met Leu Lys His Lys Arg Gin Arg 
170 175 180 

GAT GAT GGG GAG GGC AGG GGT GAA GTG GGG TCT TGA TAATCAGGTC 485 
Asp Asp Gly Glu Gly Arg Gly Glu Val Gly Ser * 
185 190 195 

AGAGTGACCT GAGCTAAAAT AACACATTCA GGTCGACTTG GGTCAGTCTG ACCGGGACAA 54 5 

AGTTAAT GTA ACCTCGAATT C 566 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 145 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala 
15 10 15 

Ala Gin Pro Ala Met Ala Glu Val Gin Leu Gin * * Ala Ala Ala 
20 25 30 

Gly Gly Gly Gly Ser Met Glu Ser Ala Lys Glu Thr Arg Tyr Cys Ala 
35 40 45 
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Val Cvs Asn Asp Tyr Ala Ser Gly Tyr His Tyr Gly Vai Tr? Ser Cys 
50 55 60 

Glu Gly Cvs Lys Ala Phe Phe Lys Arg Ser He Gin Gly His Asa Asp 
65 70 75 30 

Tyr Met Cvs Pro Ala Thr Asn Gin Cys Thr lie Asp Lys Asn Arg Arg 
85 90 95 

Lys Ser Cys Gin Ala Cys Arg Leu Arg Lys Cys Tyr Glu Val Gly Met 
100 105 110 

Met Lvs Gly Glv He Arg Lys Asp Arg Arg Gly Gly Arg Met: Leu Lys 
* 115 " 120 125 

His Lys Arg Gin Arg Asp Asp Gly Glu Gly Arg Gly Glu Val Gly Ser 
130 135 140 

*■ 

145 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 53 9 base pairs 
(BJ TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(ix) FEATURE: 

(A) NAME/ KEY : CDS 

(B) LOCATION: 41. .481 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

AAGCTTGCAT GCAAATT CTA TTT CAAGGAG ACAGTCATAA ATG AAA TAC CTA TTG 55 

Met Lvs Tvr Leu Leu 
150 

CCT ACG GCA GCC GCT GGA TTG TTA TTA CTC GCG GCC CAG CCG GCA ATG 103 
Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala Ala Gin Pro Ala Met 
155 160 165 

GCC GAG ATG GAA TCT GCC AAG GAG ACT CGC TAC TGT GCA GTG TGC AAT 151 
Ala Glu Met Glu Ser Ala Lvs Glu Thr Arg Tyr Cys Ala Val Cys Asn 
170 175 130 

GAC TAT GCT TCA GGC TAC CAT TAT GGA GTC TGG TCC TGT GAG GGC TGC 199 
Asd Tyr Ala Ser Gly Tyr His Tyr Gly Val Trp Ser Cys Glu Gly Cys 
185 190 195 

AAG GCC TTC TTC AAG AGA AGT ATT CAA GGA CAT AAC GAC TAT ATG TGT 247 
Lys Ala Phe Phe Lys Arg Ser lie Gin G^y His Asn Asp Tyr Met Cys 
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200 205 210 



CCA 


GCC 


ACC 


AAC 


CAG 


TGC 


ACC 


ATT 


GAT 


AAA 


AAC 


AGG 


AGG 


AAG 


AGC 


TGC 


295 


Pro 


Ala 


Thr 


Asn 


Gin 


Cys 


Thr 


lie 


Asp 


Lys 


Asn 


Arg 


Arg 


Lys 


Ser 


Cvs 




215 










220 










225 










230 




CAG 


GCC 


TGC 


CGG 


CTC 


CGT 


AAA 


TGC 


TAC 


GAA 


GTG 


GGA 


ATG 


ATG 


AAA 


GGT 


343 


Gin 


Ala 


Cys 


Arg 


Leu 


Arg 


Lys 


Cys 


Tyr 


GIu 


Val 


Gly 


Met 


Met 


Lys 


Gly 










235 










240 










245 







GGG ATA CGA AAA GAC CGA AGA GGA GGG AGA ATG TTG AAA CAC AAG CGC 391 
Gly lie Arg Lys Asp Arg Arg Gly Gly Arg Met Leu Lys His Lys Arg 
250 255 260 

CAG AGA GAT GAT GGG GAG GGC AGG GGT GAA GTG GGG TCT GGG GGA GGA 4 39 

Gin Arg Asp Asp Gly Glu Gly Arg Gly Glu Val Gly Ser Gly Gly Gly 
265 270 275 

GGG TCG GCC CAG CCG GCC CTC CTG CAG CTG GCG GCC GCA TAA 431 
Gly Ser Ala Gin Pro Ala Leu Leu Gin Leu Ala Ala Ala * 
280 285 290 

CTGATTGAGT CGACTTGGGT CAGTCTGACC GGGACAAAGT TAATGTAACC TCGAATTC 53 9 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 147 amino acids 

(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Met Lvs Tvr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala 
1 * ' 5 10 15 

Ala Gin Pro Ala Met Ala Glu Met Glu Ser Ala Lys Glu Thr Arg Tyr 
20 25 30 

Cvs Ala Val Cys Asn Asp Tyr Ala Ser Gly Tyr His Tyr Gly Val Trp 
35 40 45 

Ser Cys Glu Gly Cys Lys Ala Phe Phe Lys Arg Ser lie Gin Gly Kis 
50 55 60 

Asn Asd Tvr Met Cys Pro Ala Thr Asn Gin Cys Thr lie Asp Lys Asn 
65 70 75 80 

Arg Arg Lys Ser Cys Gin Ala Cys Arg Leu Arg Lys Cys Tyr Glu Val 
85 90 95 

Glv Met Met Lys Gly Gly lie Arg Lys Asp Arg Arg Gly Gly Arg Met 
100 105 110 

Leu Lys His Lys Arg Gin Arg Aso Asd Gly Glu Gly Arg Gly Glu Val 
115 120 125 

Gly Ser Gly Gly Gly Gly Ser Ala Gin Pro Ala Leu Leu Gin Leu Ala 
130 135 140 
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145 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 372 base pairs 
(8) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(ix) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION : 1 . .372 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CAG GTA CAG CTG CAG CAG TCA GGG GGA GGC GTG GTC CAG CCT GGG AGG 4 3 

Gin Val Gin Leu Gin Gin Ser Giy Giv Giy Val Vai Gin Pro Giy Arg 
150 155 150 . 

TCC CTG AGA CTC TCC TGT GCA GCC TCG GGA TTC CCC TTT AGT ACT TAT 96 
Ser Leu Arg Leu Ser Cys Ala Ala Ser Giy Phe Pro Phe Ser Thr Tyr 
165 170 175 

GGC ATG CAC TGG CGC CAG GCT GTC CCA GGC AAG GGG CTG GAG TGG GTG 144 
G 1 y Met His Tro A.rg Gin Ala Val Pro Giy Lys Giy Leu Glu Trp Val 
180 ' 185 190 195 

GCA GTT ATA TCA TAT GAT GGA AGT AAT AAA TAC TAC GCA GAC TCC GTG 192 
Ala Val lie Ser Tyr Asp Giy Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
200 * 205 210 

AAG GGC CGA TTC ACC ATC TCC AGA GAC AAT TCC AAG AAC ACG TTS TAT 2 40 

Lvs Giy Arg Phe Thr lie Ser Arg Aso Asn Ser Lys Asn Thr Leu Tyr 
215 220 225 

CTG CAA ATG AAC AGC CTG AGA GCT GAG GAC ACG GCT GTG TAT TAC TGT 28 8 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
230 235 240 

GCG AGA (SAT TTA GAC CCC ACC AGG TAT AGC AGT GGC TGG GAC ACT GAC 3 36 

Ala Arg Aso Leu Asp Pro Thr Arg Tyr Ser Ser Giy Trp Asp Thr Asp 
245 * 250, 255 

TAC TGG GGC CAG GGG CAC CTG GTC ACT GTC TCC TCA 372 
Tyr Trp Giy Gin Giy His Leu Val Thr Val Ser Ser 
260 265 270 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 124 amino acids 
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(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Gin Val Gin Leu Gin Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Pro Phe Ser Thr Tyr 
20 25 30 

Gly Met His Trp Arg Gin Ala Val Pro Gly Lys Gly Leu Glu Trp Val 
3S 40 45 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tvr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Aso Leu Aso Pro Thr Arg Tyr Ser Ser Gly Tro Asp Thr Asp 
100 * 105 " 110 

Tyr Trp Gly Gin Gly His Leu Val Thr Val Ser Ser 
115 120 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 327 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(ix) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION: 1. .327 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GAA ACG ACA CTC ACG CAG TCT CCA GGC ACC CTG TCT TTG TCT CCG GGG 48 
Glu Thr Thr Leu Thr Gin Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly 
125 130 135 140 

GAA AGA GCC ACC CTC TCC TGC AGG GCC AGT CAG AAT ATT GGC AGC AGC 96 
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Asn lie Gly Ser Ser 
145 150 155 

TCC TTA GCC TGG TAC CAA CAG AAA CCT GGC CAG GCT CCC AGG CTC CTC 14 4 

Ser Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu 
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160 165 170 

ATC TAT GGT GCA TCC ACC AGG GCC ACT GGT ATC CCA GCC AGG TTC AGT 192 
lie Tyr Gly Ala Ser Thr Arg Ala Thr Gly lie Pro Ala Arg Phe Ser 
175 180 185 

GGC AGT GGG TCA GGG ACA CAA TTC ACT CTC ACC ATC AGC AGC CTG CAG 24 0 

Gly Ser Gly Ser Gly Thr Gin Phe Thr Leu Thr lie Ser Ser Leu Gin 
190 195 200 

TCT GAA GAT TTT GCA GTT TAT TAC TGT CAG CAG TAT AAT TTC TGG CCA 288 
Ser Glu Asp Phe Ala Val Tyr Tyr Cys Gin Gin Tyr Asn Phe Trp Pro 
205 210 215 220 

TTC ACT TTT GGC CCT GGG ACC AAG CTG GAG ATC AAA CGT 327 
Phe Thr Phe Gly Pro Gly Thr Lys Leu Glu lie Lys Arg 
225 230 

(2) INFORMATION FOR SEQ ID NO; 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 109 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Glu Thr Thr Leu Thr Gin Ser Pre Gly Thr Leu Ser Leu Ser Pro Gly 
15 10 15 

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Asn lie Gly Ser Ser 
20 25 30 

Ser Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu 
35 40 45 

He Tvr Gly Ala Ser Thr Arg Ala Thr Gly He Pro Ala Arg Phe Ser 
50 55 60 

Glv Ser Gly Ser Gly Thr Gin Phe Thr Leu Thr He Ser Ser Leu Gin 
65 70 75 80 

Ser Glu Asp Phe Ala Val Tyr Tyr Cys Gin Gin Tyr Asn Phe Trp Pro 
85 90 95 

Phe Thr Phe Gly Pro Gly Thr Lys Leu Glu He Lys Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 
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(iv) ANTI-SENSE: NO 



(XX) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
TTTTCTGCAG TAATAGGCGG CCGCAGGGGG AGGAGGGTCC AT CGAAGGT C GC GAAGCAGA 60 
GACTGTTGAA AG 72 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 75 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

TTTTGAATTC TTATTAACCA CCGAACTGCG GGTGACGCCA AGCGCTTGCG GCCGTTAAGA 60 

CTCCTTATTA CGCAG 75 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:. 

AAAAGCGGCC GCACTGGCCT GAGAGANNNN NN 32 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
TCGACCCACG CGTCCG 16 
(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" - 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
GGGTGCCGAG GC 12 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

' (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DMA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
AAAAGAATTC TGAATGTGTT ATTTTAGCTC AGGTCACTCT GACCTGATTA TCAAGACCCC 60 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
AAAAGCGGCC GCAGGGGGAG GAGGGTCCAT GGAATCTGCC AAGGAG 4 6 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
GTAAAACGAC GGCCAGT 17 
(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GGATAACAAT TTCACACAGG 
(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
AAAGCGGCCG CACTGGCCTG AGAGA 
(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: MO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
AAAAGGCCCA GCCGGCCATG GCCCAGCCCA CCACGCGTCC G 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

AAAAGGCCCA GCCGGCCATG GCCCAGTCCC ACCACGCGTC CG 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 43 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: MO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
AAAAGGCCCA GCCGGCCATG GCCCAGTACC CACCACGCGT CCG 
(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 
AAAAGAATTC GAGGTTACAT TAACTTTGTT CCGGTCAGAC TGACCCAAGT CGACCTGAAT 60 
GTGTTATTTT AG 72 
(2) INFORMATION FOR SEQ ID NO: 33: 

(ii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA* 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 
CCTTGGCAGA TTCCATCTCG GCCATTGCCG GC 32 
(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA 1 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
CCGGCAATGG CCGAGATGGA ATCTGCCAAG G 31 
(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL; NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 
TTTTGTCGAC TCAATCAGTT ATGCGGCCGC CAGCTGCAGG AGGGCCGGCT GGGCCGACCC 60 
TCCTCCCCCA GACCCCACTT CACCCC 86 
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(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA " 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 
TGTTGAAACA CAAGCGCCAG 20 
(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 
TGGAAGAGGC ACGTTCTTTT CTTT 
(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DMA** 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 
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CTCCTTCTTA CTCTTGCTGG CGGT 

(2) INFORMATION FOR SEQ ID NO: 39: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDMESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DMA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 
AGACTCTCCC CTGTTGAAGC TCTT 
(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DMA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 
TGAAGATTCT GTAGGGGCCA CTGTCTT 
(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 
TGAACCGCCT CCACCTGAGG AGAC GGTGAC CAGGGTGCC 
(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA M 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 
TGAACCGCCT CCACCTGAAG AGACGGTGAC CATTGTCCC 
(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 
TGAACCGCCT CCACCTGAGG AGACGGTGAC CAGGGTTCC 
(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 
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(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE; NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 
TGAACCGCCT CCACCTGAGG AGACGGTGAC CGTGGTCCC 
(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA' 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 
TTTTTGGCCC AGCCGGCCAT GGCCCAGGTG CAGCTGGTGC AGTCTGG 
(2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 
TTTTTGGCCC AGCCGGCCAT GGCCCAGGTC AACTTAAGGG AGTCTGG 
(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "synthetic DNA" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 
TTTTTGGCCC AGCCGGCCAT GGCCGAGGTG CAGCTGGTGG AGTCTGG 47 
(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 
TTTTTGGCCC AGCCGGCCAT GGCCCAGGTG CAGCTGCAGG AGTCGGG 47 
(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 
TTTTTGGCCC AGCCGGCCAT GGCCGAGGTG CAGCTGTTGC AGTCTGC 47 
(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 
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(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 50: 
TTTTTGGCCC AGCCGGCCAT GGCCCAGGTA CAGCTGCAGC AGTCAGG 47 
(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

( i i i ) HYPOTHET I CAL : NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 
TTATT CGCGG CCGCCTAAAC AGAGGCAGTT CCAGATTTC 39 
(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 3 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 
GTCACTTGCG GCCGCCTACA GTGTGGCCTT GTTGGCTTG 39 
(2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "synthetic DNA" 

(iii) HYPOTHETICAL: NO 
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(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: S3: 
TCTGGCGGTG GCGGATCGGA CATCCAGATG ACCCAGTCTC C 41 
(2) INFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 
TCTGGCGGTG GCGGATCGGA TGTTGTGATG ACTCAGTCTC C 41 
(2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 
TCTGGCGGTG GCGGATCGGA AATTGTGTTG ACGCAGTCTC C 41 
(2) INFORMATION FOR SEQ ID NO: 56: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(A) DESCRIPTION: /desc = "synthetic DNA" 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 
TCTGGCGGTG GCGGATCGGA CATCGTGATG ACCCAGTCTC C 41 
(2) INFORMATION FOR SEQ ID NO: 57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(DJ TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57: 
TCTGGCGGTG GCGGATCGGA AACGACACTC ACGCAGTCTC C 
(2) INFORMATION FOR SEQ ID NO: 58: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58: 
TCTGGCGGTG GCGGATCGGA AATTGTGCTG ACTCAGTCTC C 
(2) INFORMATION FOR SEQ ID NO: 59: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59: 
TTCTCGTGCG GCCGCCTAAC GTTTGATTTC CACCTTGGTC CC 42 
(2) INFORMATION FOR SEQ ID NO: 60: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 
TTCTCGTGCG GCCGCCTAAC GTTTGATCTC CAGCTTGGTC CC 42 
(2) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 
TTCTCGTGCG GCCGCCTAAC GTTTGATATC CACTTTGGTC CC 42 
(2) INFORMATION FOR SEQ ID NO: 62: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 
TTCTCGTGCG GCCGCCTAAC GTTTGAT CTC CACCTTGGTC CC 42 
(2) INFORMATION FOR SEQ ID NO: 63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 
TTCTCGTGCG GCCGCCTAAC GTTTAATCTC CAGTCGTGTC CC 42 
(2) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64: 
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TCTGGCGGTG GCGGATCGCA GTCTGTGTTG ACGCAGCCGC C 
41 

(2) INFORMATION FOR SEQ ID NO : 65: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 

TCTGGCGGTG GCGGATCGCA GTCTGCCCTG ACTCAGCCTG C 
41 

(2) INFORMATION FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthesis DNA" 

(iii) HYPOTHETICAL: NO 

( iv) ANTI - SENSE : NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 

TCTGGCGGTG GCGGATCGTC CTATGTGCTG ACTCAGCCAC C 
41 

(2) INFORMATION FOR SEQ ID NO: 67: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthesis DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



SUBSTITUTE SHEET (RULE 26) 



WO 99/11785 



PCT/GB98/02630 



30 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 
TCTGGCGGTG GCGGATCGTC TTCTGAGCTG ACT CAGGAC C C 41 
(2) INFORMATION FOR SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthesis DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 
TCTGGCGGTG GCGGATCGCA CGTTATACTG ACTCAACCGC C 41 
(2) INFORMATION FOR SEQ ID NO: 69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthesis DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE : NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69: 
TCTGGCGGTG GCGGATCGCA GGCTGTGCTC ACTCAGCCGT C 41 
(2) INFORMATION FOR SEQ ID NO: 70: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "synthesis DNA" 
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(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 
TCTGGCGGTG GCGGATCGAA TTTTATGCTG ACTCAGCCCC A 
(2) INFORMATION FOR SEQ ID NO: 71: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc- = "synthetic DMA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 71: 
TTCTCGTGCG GCCGCCTAAC CTAGGACGGT GACCTTGGTC CC 
(2) INFORMATION FOR SEQ ID NO: 72: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA 1 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 72: 
TTCTCGTGCG GCCGCCTAAC CTAGGACGGT CAGCTTGGTC CC 
(2) INFORMATION FOR SEQ ID NO: 73: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "synthetic DNA' 

(iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE: NO 



(XX) SEQUENCE DESCRIPTION: SEQ ID NO: 73: 
TTCTCGTGCG GCCGCCTAAC CTAAAAC GGT GAGCTGGGTC CC 
(2) INFORMATION FOR SEQ ID NO: 74: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 74: 
CGATCCGCCA CCGCCAGA 

(2) INFORMATION FOR SEQ ID NO: 75: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75: 
GTCTCCTCAG GTGGAGGC 

(2) INFORMATION FOR SEQ ID NO: 76: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76: 
CGATCCGCCA CCGCCAGAGC CACCTCCGCC TGAACCGCCT CCACCTGAGG AGAC 
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A novel system (DBDX) was developed which allows 
the external surface display on filamentous bacterio- 
phage of proteins fused to either the N- or the C-ter- 
minus of a DNA-binding protein. In conjunction with 
helper phage infection, expression of proteins fused to 
the estrogen receptor DNA-binding domain (DBD) in a 
phagemid vector containing the DNA sequence recog- 
nized by the DBD resulted in the production of phage 
particles which display the fusion protein through the 
phage pVIII coat on the external surface of the parti- 
cle. The viability of the technique was established 
with several model systems: particles displaying the 
C-terminal domain of N-cadherin or the biotinylation 
domain of propionyl coenzyme A carboxylase fused to 
the C-terminus of the DBD were found to be bound 
specifically by antibody or streptavidin, respectively. 
Human k constant region cDNA was selected from a 
N-terminal DBD fusion lymphocyte cDNA library after 
two rounds of selection with anti-K antibody. This dis- 
play system may complement currently available bac- 
terial Selection techniques. © 2001 Academic Press 

Key Words: protein engineering; DNA-binding pro- 
tein; display systems; library screening. 



All biological display systems must link phenotype 
with genotype in order to identify DNA encoding a 
peptide or protein with a desired property. Several 
different methods have been developed to achieve this. 
For example, in phage display systems (1), libraries of 
proteins are fused to various filamentous bacterio- 
phage coat proteins, with the DNA encoding the fusion 
protein packaged within the viral particle (Fig. 1). Li- 
braries of fusion proteins incorporated into phage can 
be selected against targets of interest and, following 
amplification of the bound phage, the selection is re- 
peated, resulting in the enrichment of binding pro- 
teins. Peptides (2-4), antibody fragments (5-7), and 
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proteins (8, 9) have successfully been displayed as N- 
terminal pill fusions and, to a much lesser extent, as 
N-terminal pVIII, pVII, and pIX fusions (10, 11) or as 
C-terminal pVI fusions (12). 

An alternative method is based on the DNA-binding 
ability of the lac repressor (13, 14). Libraries of random 
peptides are fused to the C-terminal end of the lad 
repressor protein through expression from a plasmid 
vector carrying the fusion gene. Linkage of the Lacl- 
peptide fusion to its encoding DNA occurs via the lacO 
sequences on the plasmid, forming a stable plasmid- 
Lac/-peptide complex (Figure 1). These complexes are 
released from their host bacteria by cell lysis, and 
peptides of interest are isolated by affinity purification 
on an immobilized target. The plasmids thus isolated 
can then be reintroduced into Escherichia coli by elec- 
troporation to amplify the selected population for ad- 
ditional rounds of screening. 

Bacteriophage pill fusion display is the most com- 
monly used and robust of these systems, but it does 
have some limitations relating to the orientation of the 
displayed protein (N-terminal fusion only) and the size 
of the displayed protein. 

We set out to develop a versatile display system 
(DBDX) that did not require fusion to a cuat protein 
while still displaying a protein to the external environ- 
ment. It seemed possible that if a DNA'-binding.domain H 
could remain bound to single stranded phagemid DNA 
during packaging, a protein fused to the DNA-binding 
domain (DBD) 1 could protrude through the protein 

1 Abbreviations used: DBD, DNA-binding domain; HRE, DNA- 
binding domain; k.r.u., kanamycin resistance units; IPTG, isopropyl 
|3-D-thiogalactoside; PEG, polyethylene glycol; PBS, phosphate-buff- 
ered saline; PCCa propionyl coenzyme A a; ELISA, enzyme-linked 
immunosorbent assay; IgG, immunoglobulin G; BSA, bovine serum 
albumin; BPBS, BSA in PBS; MPBS, 2% milk powder (Marvel)/PBS; 
HRP, horseradish peroxidase; UTR, untrapsj^ated region. ' 

0003,2697/0jL$35.00 
Copyright © 2001 by Academic Press 
All rights of reproduction in any form reserved. 
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FIG. 1. Alternative bacterial display systems are shown schematically, highlighting the differences between the phage display (pill fusion) 
(A), the lad C-terminal "peptides on plasmids" (B), and the external surface DBDX (C) display systems. Phage pill and pVIII proteins are 
labeled in (A) and (C). pill, lad, and DBD fusions are shown as protein bound to DNA or displayed on the viral particle and also shown 
encoded on the vector DNA. For the DBDX figure, dimeric DBD-fusion protein is shown "bound" to the vector DNA and protruding through 
the protein pVTII coat. 



coat allowing selection of binding proteins from librar- 
ies by standard panning methodologies (Fig. 1). 

The DBD of the estrogen receptor was chosen for the 
development of this system for a number of reasons. 
Although the estrogen receptor is a large multifunc- 
tional polypeptide of 595 amino acids which functions 
in the cytoplasm and nucleus of eukaryotic cells (15), a 
minimal high-affinity DBD has been defined between 
amino acids 176 and 282 and expressed in E. coli (16). 
In addition, mutated progesterone receptor DBD has 
been shown to bind to the consensus estrogen hormone 
response element (HRE) sequence in bacterial cyto- 
plasm (17). The DNA-binding function of the estrogen 
receptor DBD is not inhibited by the presence of non- 
DNA-binding domains at either the N- or the C-termi- 
nal ends of this domain in the full-length protein. We 
therefore wanted to investigate the potential for both 
N- and C-terminal display using the same DBD. 

It was anticipated that the estrogen DBD would bind 
as a dimer to the specific, double-stranded DNA estro- 
gen receptor target HRE nucleotide sequence with a 
similar affinity (0.5 nM) to that of the parent molecule 
(18, 19). DBD dimerization on the surface of the parti- 
cle would result in a maximum of two peptides dis- 
played per particle. Additionally, the estrogen receptor 
DBD is capable of binding to its 38-bp target HRE 
sequence with high affinity and specificity under the 
salt and pH conditions normally required for selection 
of binding peptides (19). The core 13-bp interrupted 
palindromic repeat of the HRE needs to be present to 
allow high-affinity DBD binding, with the remainder of 
the HRE sequence stabilizing binding (18). Moreover, 
binding affinity is apparently increased 60-fold for the 
single-stranded coding, or "plus," strand of the HRE 
nucleotide sequence (to 10~ u M) over the double- 
stranded form (20). This preference for one strand of 
the HRE sequence seemed ideally suited to a phage- 
mid/helper phage packaging system. 



N- and C-terminal display vectors were constructed 
and used to demonstrate the principle with individual 
proteins. A human lymphocyte cDNA library was then 
constructed and screened to demonstrate that selec- 
tion, as well as display, was also possible using this 
system. 

MATERIALS AND METHODS 

Oligonucleotide sequences used for vector construc- 
tion are shown in Table 1. 

Display vector construction. The N-terminal dis- 
play vector pDM12 (Fig. 2) was constructed by insert- 
ing a A/M-iicoRI-digested estrogen receptor DNA- 
binding domain, modified by appropriate PCR primers, 
into a phagemid vector pDM6 which is based on the 
pUCH9-derived phage display vector, pHENl (21). 
The estrogen receptor DBD was isolated from double- 
stranded cDNA prepared from human bone marrow 
mRNA (Clontech, Palo Alto, CA) using a Superscript 
plasmid cDNA synthesis kit (Life Technologies Ltd., 
Paisley, Scotland, UK). The estrogen receptor was PCR 
amplified from 5 fil (150-250 ng) of bone marrow 
cDNA using 25 pmol of each of the primers pDM12FOR 
and pDM12BAK in two 50-/xl reactions containing 0.1 
mM dNTPs, 2.5 units Tag DNA polymerase, and lx 
PCR reaction buffer (10 mM Tris-HCl, pH 9.0, 5 mM 
KC1, 0.01% Triton X-100, 1.5 mM MgCl 2 ) (Promega 
Ltd., Southampton, UK). The pDM12BAK primer an- 
neals to the 5 '-end of the DNA-binding domain of the 
estrogen receptor and incorporates the (Gly) 4 Ser linker 
and the Nod restriction site. The pDM12FOR primer 
anneals to the 3'-end of the DNA-binding domain of the 
estrogen receptor and incorporates two stop codons, 
the 38-bp consensus estrogen receptor HRE (18), and 
an EcoRI restriction site. 

PCRs were carried out on a Techne PHC-3 thermal 
cycler for 30 cycles of 94°C, 1 min; 65°C, 1 min; 72°C, 1 
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TABLE 1 

Oligonucleotide Primers Used for Sequencing, Vector Construct ion, Insert Transfer, and Library Construction 
Name Sequence 



M13FOR 5' 

M13REV 5' 

ORSEQBAK 5' 

ORSEQFOR 5' 

CDNAFOR 5' 

CDNAPCRFOR 5' 

CDNAPCRBAK1 5' 

CDNAPCRBAK2 5' 

CDNAPCRBAK3 5' 

pDM12FOR 5' 

pDMl2BAK 5' 

pDM14FOR 5' 

pDM15FOR 5' 

pDM16FOR 5'- 

PELBBAK 5' 

PELBFOR 5' 



GTAAAACGACGGCCAGT 
- GG ATAAC AATTTC AC AC AGG 
-TGTTGAAACACAAGCGCCAG 
GCACACTGCACAGTAGCGAG 
AAAAGCGGCCGCACTGGCCTGAGAGA (N) 6 
-AAAGCGGCCGCACTGGCCTGAGAGA 

-AAAAGGCCCAGCCGGCCATGGCCCAGCCCACCACGCGTCCG 
-AAAAGGCCCAGCCGGCCATGGCCCAGTCCCACCACGCGTCCG 
AAAAGGCCCAGCCGGCCATGGCCCAGTACCCACCACGCGTCCG 

AAAAGAATTCTGAATGTGTTATTTTAGCTCAGGTCACTCTGACCTGATTATCAAGACCCCACTTCACCCCCT 
-AAAAGCGGCCGCAGGGGGAGGAGGGTCCATGGAATCTGCCAAGGAG 

AAAAGAATTCGAGGTTACATTAACTTTGTTCCGGTCAGACTGACCCAAGTCGACCTGAATGTGTTATTTTAG 
-AAAAGAATTCTTATTAGTGGTGGTGGTGGTGGTGAGACCCCACTTCACCCCTG 

TTTTGTCGACTCAATCAGTTATGCGGCCGCCAGCTGCAGGAGGGCCGGCTGGGCCGACCCTCCTCCCCCAG- 
ACCCCACTTCACCCC 

-CCGGCAATGGCCGAGATGGAATCTGCCAAGG 
-CCTTGGCAGATTCCATCTCGGCCATTGCCGGC 



min. Vector- and gel-purified PCR fragment DNAs 
were Notl-EcoRl cleaved and ligated together and 
then electroporated into TG-1 E. coli cells (genotype, 
K12, (Alac-pro), supE, thi, hsD5/F'traD36, proA + B + , 
LacF, LacZAlS) and plated onto 2xTY agar plates 
supplemented with 1% glucose and 100 /ig/ml ampicil- 
lin. 

The pDM14 and pDM15 vectors were constructed by 
PCR amplification with M13REV and pDM14FOR and 
pDM15FOR, respectively, using 20 ng pDM12 vector 
DNA as template, using the conditions described 
above. Gel-purified PCR products were then NotL- 
EcoRl cleaved and ligated into A/M-i?a?RI-cleaved 
pDM12 vector DNA to produce the two new vectors. 
The pDM14 vector contains two HRE sites separated 
by a SaR site and was used in the construction of the 
pDM16 vector in this study. The pDM15 vector lacks 
any HRE site and was used to demonstrate the re- 
quirement of such a site for external surface display. 
Key regions of both vectors are shown in Fig. 3. 

For the pDM16 C-terminal display vector, the pelB 
leader DNA sequence was fused directly to the estro- 
gen receptor DBD sequence, removing the multiple 
cloning sites and the Gly 4 Ser linker DNA sequence 
found in pDM12, which were appended to the C-termi- 
nal end of the DBD sequence upstream of the HRE 
DNA sequence. The vector was constructed by joining 
the products of two separate PCR reactions by overlap- 
ping PCR (22). To create this vector, PCR reactions 
were carried out on a Techne Progene thermal cycler 
for 30 cycles of 94°C, 1 min; 60°C, 1 min; 72°C, 1 min. 
In the first reaction, the 5 '-untranslated region and 
pelB leader DNA sequence was amplified from 100 ng 
of pDM12 vector DNA using 50 pmol of each of the 
oligonucleotides, M13REV and pelBFOR, in a 100-/11 



reaction containing 0.1 mM dNTPs, 2.5 units Ta^plus 
DNA polymerase, and 1 X high salt PCR reaction buffer 
(20 mM Tris-HCl, pH 9.2, 60 mM KC1, 2 mM MgCl 2 ) 
(Stratagene Ltd., Cambridge, U.K.). In the second re- 
action, the 3'-end of the pelB leader sequence and the 
estrogen receptor DBD were amplified from 100 ng of 
pDM12 vector DNA using 50 pmol of each of the oligo- 
nucleotides, pelBBAK and pDM16FOR, in a 100-/il 
reaction containing 0.1 mM dNTPs, 2.5 units Taqplus 
DNA polymerase, and IX high salt PCR buffer. Fol- 
lowing gel purification both products were mixed to- 
gether and a final round of PCR amplification with Taq 
DNA polymerase (Promega Ltd., Southampton, UK) 
was performed with M13REV and pDM16FOR. The 
resulting DNA fragment was Hindlll-SaR restriction 
enzyme digested and cloned into ///ndlll-Sa/I-di- 
gested pDM14 vector to create the pDM16 vector. 

All new vector insert sequences were confirmed by 
sequencing with a Prism dyedeoxy cycle sequencing kit 
(Perkin-Elmer, Warrington, Lancashire, UK) using 
M13FOR and M13REV oligonucleotides. 

N-terminal display of leptin. Amino acids V22- 
C 167 of placental human leptin cDNA (23) had previ- 
ously been cloned as a SfR-Nod fragment into a pill 
phagemid display vector (unpublished data). SIR- 
A/M-digested leptin cDNA was cloned into the pDM12 
and pDM15 vectors, electroporated into TG-1 E. coli 
bacteria, and plated onto 2XTY agar plates supple- 
mented with 1% glucose and 100 iiglml ampicillin. 
Leptin-producing pDM12 clones were detected by 
phage ELISA of individual culture supernatants with 
protein G-purified rabbit polyclonal anti-leptin IgG 
kindly provide by Dr. Nigel Hoggard (Rowett Research 
Institute) (not shown). Leptin cDNA containing 
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pDM15 clones were identified by PCR amplification 
with M13REV and M13FOR, using 1 of an overnight 
culture as template. ELISA-positive pDM12 clones 
were sequenced with the M13REV and ORSEQFOR 
primers (Table 1). Leptin cDNA-containing pDM15 
clones were sequenced with the M13REV and M13FOR 
primers to confirm insertion of leptin cDNA in frame 
with the leader sequence and the estrogen receptor 
DBD. Five milliliters of 2XTY culture broth supple- 
mented with 1% glucose and 100 fig/ml ampicillin was 
inoculated with either pDM12-leptin or pDM15-lep- 
tin-DBD fusion clone TG-1 stocks and grown for 5 h at 
37°C until optical density at 600 nm (OD 600 n J reached 
0.4. The cultures were infected with 10 9 kanamycin 
resistance units (k.r.u.) M13K07 helper phage for 1 h 
at 37°C. A 1-ml aliquot of each of the infected cultures 
was transferred to fresh tubes and adjusted to 5 ml 
with 2XTY broth supplemented with 25 /ig/ml kana- 
mycin, 100 /xg/ml ampicillin, and 20 /xM IPTG. Ampli- 
fication was carried out overnight at 37°C, and phages 
were then PEG/NaCl precipitated from 2 ml of culture 
and resuspended in 500 jxl of PBS. The volume was 
adjusted to 1 ml with 4% Marvel/PBS and 100 /il/well 
tested in ELISA against anti-human leptin antibody as 
described below. 

C-terminal display of N-cadherin and propionyl co- 
enzyme A carboxylase a (PCCa). Fragments of both 
cDNAs had previously been cloned from a pVI fusion 
C-terminal display oligo(dT)-A/od-p rimed SaOS-2 os- 
teosarcoma-cell-line cDNA library (unpublished data). 
These clones contain an adaptor sequence at the 5 '-end 
of the cDNA fragment, which could be modified by PCR 
to allow in-frame cloning of these cDNAs as SM-Notl 
fragments into pDM16. A 1.4-kb human N-cadherin 
cDNA fragment encoding the C-terminal 99 amino ac- 
ids, the 3 '-untranslated region, and the poly (A) tail and 
a 0.8-kb human cDNA fragment of PCCa encoding the 
C-terminal 95 amino acids, the 3'-untranslated region, 
and the poly(A) tail were amplified from approximately 
20 ng insert containing vector with oligonucleotides 
M13FOR and CDNAPCRBAK1. Following gel purifica- 
tion and SBl-Nod digestion, the PCR products were 
cloned into pDM16 and sequenced with M13FOR and 
ORSEQBAK primers. Fiftyfold concentrated PBS 
stocks of C-terminal N-cadherin and PCCa phage par- 
ticles were prepared from 20 ml overnight helper- 
phage-infected cultures grown at 30°C as described for 
the cDNA library stock preparation. 

Preparation of individual clones for ELISA. Indi- 
vidual colonies were picked into 100 /xl 2xTY (24) 
supplemented with 100 ng/ml ampicillin and 1% (w/v) 
glucose in 96-well tissue culture plates and incubated 
at 37°C with shaking at 200 rpm for 4-6 h. For each 
culture, 25 /il was transferred to a fresh 96-well plate 
containing 25 ju-l/well of the same medium plus 10 7 -10 8 



k.r.u. of the M13K07 kanamycin-resistant helper 
phage and incubated at 37°C for 1 h. Expression me- 
dium (160 ^I/well 2XTY/100 /ig/ml ampicillin/25 jag/ml 
kanamycin/20 /aM IPTG) was added to each well and 
amplification continued overnight at 30°C (37°C for 
round 2 cDNA library clones). The cultures were cen- 
trifuged (2000#, 10 min) at 4°C and 50^,1 of culture 
supernatant was used for ELISA. 

ELISA screening. Immulon 4 ELISA plates (Dyna- 
tech Laboratories) were coated at 37°C for 1 h with 100 
jLtl/well 1:1500 diluted rabbit polyclonal anti-leptin 
IgG, 1:250 diluted anti-cadherin monoclonal antibody, 
2.5 /ig/ml streptavidin (Sigma Chemical Co., Poole, 
Dorset, UK), or 2 ju,g/ml anti-human k antibody in PBS. 
The plates were blocked for 1 h at room temperature 
with either 2% (w/v) BSA in PBS (BPBS) for coating 
with anti-K antibody or with 2% milk powder (Marvel)/ 
PBS (MPBS), for coatings with anti-leptin antibody, 
anti-cadherin antibody, or streptavidin. Culture super- 
natant or concentrated phage were incubated for 1 h at 
room temperature in PBS containing 2% BSA and 0.1% 
(v/v) Tween 20 (k chain clones) or 2% MPBS. Bound 
particles were detected with 1:5000 diluted anti-M13- 
HRP conjugate (Amersham-Pharmacia Ltd., Little 
Chalfont, Buckinghamshire, UK) in the same buffer. 
After each incubation, plates were washed three times 
with 200 jLtl/well PBS containing 0.1% Tween 20, and 
three times more with PBS. Plates were developed for 
5-10 min at room temperature with 3,3',5,5'-tetra- 
methylbenzidine substrate buffer (Sigma Chemical 
Co.) and the optical densities were read at 450 nm. 

Lymphocyte cDNA library construction. mRNA was 
isolated from approximately 10° human peripheral 
blood lymphocytes using a poly(ATract) 1000 mRNA 
isolation kit (Promega, Southampton, UK). Randomly 
primed double-stranded cDNA was synthesized with a 
Superscript plasmid cDNA synthesis kit (Life Technol- 
ogies Ltd.) using 5 fig of lymphocyte mRNA and 50 
pmol CDNAFOR primer. cDNA was PCR amplified 
using 25 pmol per reaction of oligonucleotides CD- 
NAPCRFOR and an equimolar mixture of CD- 
NAPCRBAK1-3, which anneal to the 5'-end cDNA 
adaptor sequence and incorporate a SHI restriction 
site. Ten 50-/xl PCR reactions were carried out using 2 
fil of cDNA (50 ng) per reaction, as described above, 
using Taq DNA polymerase, for 25 cycles of 94°C, 1 
min; 60°C, 1 min; 72°C, 2 min. Reaction mixtures were 
pooled, phenol/chloroform extracted, and ethanol pre- 
cipitated. Amplified cDNA and 5 /ig of pDM12 vector 
DNA were Sfil-No& digested and small DNA frag- 
ments were removed by size selection on Chromaspin 
1000 spin columns (Clontech, Palo Alto, CA). Ligation 
was carried out overnight at 16°C. The ligated DNA 
was electroporated into TG-1 E. coll Cells were plated 
onto 90-mm 2XTY agar plates supplemented with 1% 
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glucose and 100 /xg/ml ampicillin and allowed to grow 
at 30°C overnight. Dilutions (10"\ 10~ 5 , and 10" 6 ) of 
the electroporated bacteria were also plated to assess 
library size. Forty milliliters of 2XTY broth supple- 
mented with 20% glycerol, 1% glucose, and 100 jig/ml 
ampicillin was poured onto the bacterial lawns and the 
bacteria were then scraped off the plates. A 5-ml ali- 
quot was added to a 20-ml 2XTY culture broth supple- 
mented with 1% glucose and 100 /ig/ml ampicillin and 
then infected with 10 u k.r.u. M13K07 helper phage at 
37 °C for 1 h. Infected bacteria were transferred to 200 
ml 2XTY broth supplemented with 25 /xg/ml kanamy- 
cin, 100 xtg/ml ampicillin, and 20 fiM IPTG and incu- 
bated overnight at 37 °C. Bacteria were removed by 
centrifugation at 2000^ for 20 min in 50-ml Falcon 
tubes. Forty milliliters of 2.5 M NaCl/20% (w/v) PEG 
6000 was added to 200 ml of culture supernatant, 
mixed vigorously, and incubated on ice for 1 h to pre- 
cipitate phage. Particles were pelleted at 11,000 rpm 
for 30 min in 250-ml centrifuge tubes at 4°C in a 
Sorvall RC5B centrifuge and resuspended in PBS 
buffer (2 ml), after removing all traces of PEG/NaCl 
with a pipette. Bacterial debris was then removed by 
centrifugation followed by filtration of the supernatant 
through a 0.45-/xm polysulfone syringe filter (Gelman 
Sciences, Ann Arbor, MI) and stored at -20°C. 

cDNA library screening. For the first round of li- 
brary selection, a 70 X 11 -mm Nunc Maxisorp immu- 
notube (Life Technologies Ltd.) was coated with 2.5 ml 
of 10 jig/ml anti-human k antibody (Harlan-Seralab, 
Loughborough, Leicestershire, UK) in PBS for 2 h at 
37°C. The tube was rinsed three times with PBS and 
blocked with BPBS (3 ml) for 2 h at 37°C and washed 
as described above. In the first round of selection, pri- 
mary pDM12-lymphocyte cDNA phage stock was in- 
cubated in PBS containing 2% BSA and 0.05% Tween 
20 for 2 h at room temperature. The tube was washed 
10 times with PBS containing 0.1% Tween 20, followed 
by 10 washes with PBS only. Bound particles were 
eluted in freshly prepared 0.1 M triethylamine (1 ml) 
for 10 min at room temperature on a blood mixer. 
Eluted particles were transferred to 0.5 ml 1 M Tris, 
pH 7.4, vortex mixed briefly, and transferred to ice. 
Neutralized eluates were added to 10-ml log-phase 
TGI bacteria (OD 600 nm 0.3-0.5) and incubated at 37°C 
for 1 h. Dilutions (10~ 3 , 10~\ and 10" 5 ) of the infected 
culture were prepared to estimate the number of par- 
ticles recovered. The remainder of the culture was 
spun at 2000# for 10 min, and the pellet was resus- 
pended in 300 /xl 2XTY medium by vortex mixing. The 
infected bacteria were plated onto 2XTY agar plates 
supplemented with 1% glucose and 100 /xg/ml ampicil- 
lin. The round 2 selection was carried out with 250 /xl 
of 100-fold concentrated round 1 amplified stock pre- 
pared from a 100-ml overnight helper-phage-infected 



culture as described above for the primary library am- 
plification, with the number of PBS-Tween and PBS 
washes increased to 12. Individual round 2 clones were 
then tested in ELISA against anti-human k antibody, 
and inserts were identified by sequencing with 
M13REV primer. 

Effect of IPTG concentration and growth tempera- 
ture. Five milliliters of 2xTY culture broth supple- 
mented with 1% glucose and 100 /xg/ml ampicillin was 
inoculated with a k constant region-DBD fusion clone 
TG-1 stock and grown for 5 h at 37°C until OD 600 nm 
reached 0.4. The culture was infected with 10 9 k.r.u. 
M13K07 helper phage for 1 h at 37°C. Aliquots (0.5 ml) 
of the infected culture were transferred to six separate 
tubes and adjusted to 5 ml with 2xTY broth supple- 
mented with 25 /xg/ml kanamycin and 100 /xg/ml am- 
picillin. The IPTG concentration was adjusted to 20, 
50, or 100/xM in duplicate samples. Amplification was 
carried out overnight at 30 or 37°C for each IPTG 
concentration. Phages were then PEG/NaCl precipi- 
tated from 2 ml of culture and resuspended in 800 /xl of 
PBS, adjusted to 1600 /xl with 4% BSA/0.2% Tween 
20/PBS, and tested in ELISA against anti-human k 
antibody. 

RESULTS 

The aim of this study was to develop a system of 
display that complements existing phage display and 
"peptides on plasmids" methods. The phagemid vectors 
constructed here (Figs. 2 and 3) allow both N- and 
C-terminal fusion of inserts to the estrogen receptor 
DNA-binding domain as opposed to N-terminal display 
for pill and pVIII phage display and C-terminal dis- 
play for pVI and lad fusions. Estrogen receptor DBD 
binding to DNA should not be disrupted significantly 
by the presence of non-DBD sequence at the N- or 
C-terminus of the DBD. The HRE sequence present in 
the two display vectors used in this study, pDM12 and 
pDM16, differ slightly as the pDM16 HRE was derived 
from pDM14 (Fig. 3). The pDM15 vector (Fig. 3) was 
constructed to allow expression and purification of es- 
trogen receptor fusion proteins and to test for the ab- 
solute requirement of an HRE site for external surface 
display. The vectors are designed for fusion protein 
expression in conjunction with helper phage infection 
to allow optimal binding to the single-stranded "plus" 
HRE sequence during packaging of phagemid DNA 
into mature phage particles. 

The first stage of the present study was to show that 
individual proteins or fragments of proteins could be 
displayed through the bacteriophage pVIII coat and 
that binding to target could be detected in concentrated 
samples and crude culture supernatant. Detection of 
phage binding in culture supernatant is essential for 
screening large numbers of clones after library selec- 
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FIG. 2. DNA sequence of the N-terminal display vector pDM12 from M13BAK to M13FOR priming sites. Sequencing primer sites are 
shown above the DNA sequence. The peIB leader amino acid sequence is shown in italics. Restriction enzyme cloning sites are underlined 
and the 38-bp HRE DNA sequence is in bold, italicized type. The estrogen receptor DBD is separated from the cloning sites by a Gly 4 Ser 
linker fragment. SfK-Notl cleavage results in removal of the "stuffer" fragment; an additional Psft digestion can be performed to improve the 
efficiency of subsequent library construction. 



tion. The display of human leptin through the bacte- 
riophage coat as a N-terminal fusion in pDM12 was 
confirmed by ELISA, which demonstrated significant 
binding of phage to polyclonal anti-leptin rabbit IgG in 
culture supernatant (OD 450 n m values of 0.1-0.3 above 
background). Sequencing of four ELISA-positive clones 
confirmed the presence of human leptin in frame with 
the leader and the DBD. In initial experiments, phage 
particles prepared from bacterial cultures containing 
human leptin cloned in frame with the DBD in the 
vector lacking the HRE site, pDM15, could not be 
bound by the anti-leptin rabbit IgG in ELISA. OD 450 nm 
values of 0.25 and 0.05 were obtained for pDM12- 
leptin and pDM15-leptin phage stocks, respectively. A 
background plate binding signal of 0.05 was observed 
for both phage stocks. However, in subsequent experi- 
ments performed with higher titer phage stocks pre- 
pared in an identical manner, binding of pDM15-lep- 
tin phage to antibody was observed, but always at a 
lower level than observed for pDM12-leptin phage 
(50-80% of pDM12-leptin phage ELISA signal). In 
view of this observation, wild-type M13K07 phage par- 
ticles were tested for binding to recombinant estrogen 
receptor in ELISA, but binding was not observed (not 
shown). 



To demonstrate the feasibility of C-terminal display, 
two different human cDNA fragments were fused to 
the C-terminus of the estrogen receptor DBD. The C- 
terminal cytoplasmic domain of human N-cadherin, a 
cell- cell adhesion protein, is recognized by a monoclo- 
nal anti-cadherin antibody which was raised against 
the C-terminal 24 amino acids of chicken N-cadherin 
(25). When cloned as a C-terminal fusion in pDM16 
and packaged in bacteriophage, binding to anti-cad- 
herin antibody was detected (Fig. 4). Binding was de- 
pendent on the presence of phage containing DBD- 
cadherin fusion DNA. The C-terminal domain of PCCa, 
a naturally biotinylated mitochondrial enzyme, is also 
biotinylated in E. coli (26). Particle binding to strepta- 
vidin was observed (Fig. 4), indicating the presence of 
biotinylated PCCa on the external surface of the bac- 
teriophage. Again, binding to streptavidin was depen- 
dent on the presence of phage containing DBD-PCCa 
fusion DNA. The cDNA fragments displayed as C-ter- 
minal fusions contained 3'-UTR regions and poly(A) 
tail regions which appear not to be interfering with 
display on the external surface of the phage particle. 

These initial experiments showed that both C- and 
N-terminal fusion proteins could protrude through the 
bacteriophage coat and interact with a specific ligand. 
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CTG CAG CTG GCG GCC GC A TAACTGATTG A GTCGAC TTO GGTCAGTCTG ACCGGGACAA AGTTAATGTA ACCTC GAATTC 
GAC GTC GAC CGC CGG CGT AT TG ACT AAC TCAGCTGAAC CCAGTCAGAC TGGCCCTGTT TCAATTACAT TGGEAGCTTAAG 

FIG. 3. (A) Partial DNA sequence of the N-terminal display vector pDM14. This vector contains two HRE sites separated by a SaR site. 
This vector was the template for construction of pDM16. (B) Partial DNA sequence of the N-terminal fusion vector pDM15. This vector was 
derived from pDM12 and has had the HRE site deleted; the six His tail is to allow purification of fusion proteins. Human leptin was cloned 
into this vector to demonstrate the importance of the HRE site for external surface display. (C) Partial DNA sequence of the C-terminal 
display vector pDM16. 



This indicated that it may be possible to use the DBDX 
system for constructing and screening both oligo(dT) 
and random-primed cDNA libraries. However, it was 
possible that we were detecting partially formed, non- 
infective particles released from the cytoplasm by bac- 
terial lysis during overnight growth. Repeated rounds 
of selection are required to allow enrichment of specific 
clones in phage display and "peptides on plasmids" 
systems. As DBD binding to phagemid DNA may have 
rendered the particles noninfective, it was necessary to 
confirm that we could enrich for infective, specific bind- 
ing phage after elution from target. This was achieved 
using a N-terminally displayed cDNA library by select- 
ing for a specific sequence known to be present in the 
library with an antibody. 

Random-primed human lymphocyte cDNA was 
cloned in pDM12 as a N-terminal fusion library, pro- 
ducing ~10 8 clones, of which only about ~10 7 would be 
in frame with both the pelB and the DBD. Therefore, 
after amplification, most of the phage produced from 
this library would be nonbinding and have a significant 
growth advantage over in-frame clones. This library 
was analyzed for the presence of the desired protein by 
screening the library against a target coated onto a 
plastic tube. Selection against anti-human k antibody 
resulted in an apparent enrichment between panning 



rounds 1 and 2 (Table 2). This suggested that binding 
clones were being selected and were still infective after 
standard high pH triethylamine elution (27). Screen- 
ing 88 round 2 eluate clones revealed four ELISA- 
positive wells. Sequencing showed these to contain full- 
length human k constant region, including a fragment 
of Jk region DNA, which demonstrated that clones had 
been selected independently (not shown). This result 
compares favorably with a similar experiment per- 
formed elsewhere using a pJUN-FOS pill lymphocyte 
cDNA library where four ELISA-positive wells were 
observed after four rounds of selection (28). 

We further investigated the culture conditions to 
optimize the display of fusion protein per particle using 
a k constant region clone isolated by screening the 
lymphocyte cDNA library. Standard pill phage display 
libraries are normally amplified at 37°C overnight (27, 
29) and we continued this practice for the initial lym- 
phocyte library screening. However, having previously 
found that lowering the temperature of amplification 
for individual pill fusion clones resulted in increased 
signal in ELISA, probably resulting from improved 
folding of the displayed protein, a similar effect was 
observed with the DBD fusion system. Lowering over- 
night incubation temperature to 30°C greatly en- 
hanced binding to antibody, while there seemed to be a 
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FIG. 4. Binding serial dilutions of C-terminally displayed N-cadherin (■) and PCCa (♦), to plates coated with anti-cadherin monoclonal 
antibody or streptavidin, respectively. Background A i5Q tm (M13K07) = 0.05. a.r.u., ampicillin resistance units. 



less pronounced increase in binding with increasing 
IPTG concentration (Fig. 5). 

DISCUSSION 

It is essential for successful library screening that 
genotype and phenotype are linked and that this re- 
mains the case during the actual screening process 
without loss of genetic material associated with the 
binding protein. In addition, the binding moiety must 
be accessible to the target. The DBD display system 
described here meets these requirements. It demon- 
strates that proteins fused to a DNA-binding domain 
can be displayed externally, through a bacteriophage 
protein coat, while linked to the DNA encoding the 
displayed protein. We have also shown that proteins 
can be displayed as both N- and C-terminal fusions and 
that proteins with the desired binding properties can 
be selected from display libraries. Full-length estrogen 
receptor binding to HRE DNA in a vector has been 
shown to be highly pH dependent with an optimum 
between 7.5 and 8.0. At pH greater than 8.0 the recep- 
tor dissociates from the HRE sequence (18). 



TABLE 2 

Summary of Lymphocyte cDNA Library Selection 



Selection round 


Input 


Output 


% Recovery 


1 


4 X 10 12 


10 s 


2.5 X 10" 6 


2 


1.2 X 10 12 


5 X 10 6 


4 X 10~ 4 



Note. Input and output were measured as ampicillin resistance 
units (a.r.u.). 



However, the requirement for an optimal HRE site to 
be present to allow external surface display has not 
been demonstrated, although its presence appears to 
enhance the number of fusion proteins displayed on 
average per particle. It maybe that under certain cul- 
ture conditions, nonspecific, low-affinity association of 
the DBD with vector DNA may occur as has been 
demonstrated in vitro (18). Thus it may be possible for 
the DBD to bind with reduced affinity, to phagemid 
HRE-like sequences, especially during single-stranded 
DNA production when a relatively high DNA concen- 
tration will be reached in the bacterial cytoplasm and 
secondary structures formed in the single-stranded 
DNA. 

The mechanism of DBD binding is more complex 
than the simple recognition of a target sequence. 
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FIG. 5. Effect of temperature and IPTG concentration on ELISA 
signal for a N-terminal display fusion human k constant region 
DBDX clone. IPTG concentrations of 20 yU (A), 50 /xM (B), or 100 
fM (C) were tested at 30°C (gray bars) or 37°C (open bars). Back- 
ground A A50 mn (M13K07) = 0.03. 
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Flanking region sequences contribute significantly to 
the strength of binding (30, 31), and mutations within 
the palindrome are tolerated in vivo (31). Also, the 
DBD binds to the hexamer half-site sequence 
(TGACCT) with 66 nM affinity (32) and to double- 
stranded plasmid pGEM-1 DNA with 200 nM affinity 
(18). Indeed, this latter report showed that only three 
times the amount of estrogen receptor bound to HRE 
containing vector, compared with pGEM-1 vector alone 
in vitro. There are four TGACC sites in the pUC119 
phagemid sequence which potentially could be bound 
by the DBD. 

In order to display the fusion protein, the estrogen 
receptor DBD must associate with the target HRE 
sequence, or other DNA segment, in the cytoplasm of 
the host bacterium, displacing bacteriophage pV from 
the DNA. Such an association has already been dem- 
onstrated elsewhere (17). Interestingly, preliminary 
experiments have shown that the inclusion of zinc in 
the culture medium appears to increase the average 
number of fusion proteins displayed per particle (D. P. 
McGregor, unpublished). Zinc ions are an absolute re- 
quirement for high-affinity DNA binding in vivo and in 
vitro (32). 

Constraints on the type and size of proteins dis- 
played by DBD display are likely to result from inter- 
ference in the phage particle assembly process. Once a 
particle has been extruded from the bacterium, it can 
be treated as any other phage particle derived from a 
standard phage display library. Whether disruption of 
the coat by the DBD reduces phage particle integrity is 
presently unknown, but such interference appears 
slight as completion of the phage life cycle and recovery 
of fusion protein DNA is unaffected. 

The DBDX system differs from phage display and 
"peptide on plasmids" systems as it allows external 
surface display of a DBD fusion protein without using 
a bacteriophage coat protein fusion; also the same DBD 
can be used for both N- and C-terminal display. The 
system may offer some advantages over the estab- 
lished display methods. For example, during particle 
assembly there is no competition between wild-type 
phage coat proteins and recombinant coat protein fu- 
sions. 

DBDX should be amenable to most of the uses al- 
ready developed for bacterial-based display systems, 
such as Fab and single-chain antibody libraries (29, 
33), with potentially a greater degree of versatility 
than current systems. We are currently investigating 
procedures to optimize the average number of DBD 
fusion proteins displayed per particle by varying the 
number and sites of HRE sequences together with 
changes in culture conditions. It has been shown in 
vitro that the presence of four HRE sites in a vector 
results in a corresponding increase in the amount of 
estrogen receptor bound compared with vectors con- 



taining one HRE site (18). Finally, it may be possible to 
integrate this system with bacteriophage coat protein 
fusions to create bifunctional phage particles. 
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1 » Introduction 

Screening of vast synthetic peptide or biologi- 
cal peptide/protein libraries for therapeutic com- 
pounds allows the rapid isolation of active 
peptides or proteins that can then be used for 
therapy or as the basis for the rational drug design 
of synthetic chemical analogs. This article focuses 
on recent advances in E. colt filamentous bacte- 
riophage gene m/Vm fusion protein peptide and 
protein libraries screening methodologies, with 
the purpose of describing in some detail the pro- 
cedures for isolating novel binding entities, using 
bio-panning. Applications of phage display and 
library construction methods are reviewed exten- 
sively elsewhere (1-4). 

Interest in the display of peptides, antibodies, 
and other proteins on the surface of filamentous 
bacteriophage has resulted from the ability to link 
genetic material, packaged within the bacterioph- 
age, with the selectable protein or peptide, dis- 
played as a fusion protein on the surface (5). 
Using the bio-panning affinity selection method, 
phage displaying antigenic determinants fused to 



the phage minor coat protein gene En can be 
quickly enriched relative to nonbinding phage (6). 

2. Libraries 
2.7. Peptide Libraries 

Peptide phage libraries are constructed using 
chemically synthesized degenerate oligonucle- 
otides cloned into phage, or phagemid, vectors. 
Peptides are fused to either pill or pVm, and dis- 
played at the amino termini of these proteins. Cri- 
teria for library construction have been reviewed 
elsewhere (2,3). An interesting modification of 
standard peptide libraries uses a random peptide 
region that links human growth hormone (HGH) 
to pin to identify protease substrates by immobi- 
lizing the library on a column of HGH receptor, 
then allowing specific proteases to release the 
phage displaying appropriate motifs (7). 

Most peptide ligands isolated from libraries 
have been found to represent linear epitopes from 
larger proteins, or have been isolated using tar- 
gets known to recognize short peptides in vivo. 
This approach has been successful in epitope map- 
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ping with antibodies, resulting in the isolation of 
peptides corresponding to the target protein 
sequence (B), and peptide ligands for carbo- 
hydrate recognizing antibodies (9). Discontinuous 
epitopes have been isolated from disulfide-con- 
strained phage peptide libraries. It has also been 
noted that constraining peptide conformation 
can result in higher-affinity peptide-target inter- 
action ( JOJ. Finally, peptides isolated from longer 
insert libraries may be able to form a secondary 
structure not found in binding peptides from short 
insert libraries, resulting in completely different 
motifs being isolated (11), 

More recently, intracellular signal transduction 
domain ligands (12), receptor antagonists (13), 
tumor-suppressor protein-binding peptides (14) 
and immunogenic B-cell epitopes (15) have been 
identified. 

2.Z Antibody Libraries 

Potentially therapeutic human antibodies can 
be isolated from libraries with specificity to a 
wide range of self and foreign antigens . The 
affinity of these antibodies can then be increased 
by affinity maturation processes based on the 
selection of higher affinity variants by phage dis- 
play (reviewed in refs. 1,2,4). 

Antibody libraries are constructed with V H 
(antibody heavy chain variable sequence domain) 
and V L (antibody light chain variable sequence 
domain) cDNA prepared from lymphocytes 
(peripheral blood, spleen, bone marrow, and so 
on) taken from a human or murine donor. PCR 
amplified antibody genes are then cloned into a 
phage(mid) vector in either a single-chain Fv 
(scFv) or two-domain Fab configuration (16-18). 

Two types of repertoire may be included in a 
library, depending on exposure to the antigen of 
interest, which can be termed "biased" (exposed) 
and "naive" (unexposed) (19,20). Semi-synthetic 
repertoires (using degenerate oligonucleotides to 
encode V H CDR3) can also be made to construct 
naive libraries or to select for catalytic proper- 
ties (21,22). 

The size of a particular library is the crucial 
factor for the isolation of high-affinity antibodies. 
Biased libraries can be relatively small: The 



immune system has already had time to effect a 
response to the foreign antigen, and maturation of 
the antibody response will have occurred, result- 
ing in the production of specific, high-affinity 
antibodies. Phage libraries constructed from such 
a source need only contain 10 6 -10 7 individual 
members to allow the isolation of antibodies with 
affinities in the 10 nM range (typical of a second- 
ary immune response). A good example of this 
approach is the work carried out by the Scripps 
group, who successfully isolated human antibod- 
ies to HIV, hepatitis B, cytomegalovirus (CMV), 
respiratory syncytial virus (RS V), and herpes sim- 
plex virus (HSV) (19). 

In order to isolate binding antibodies with rea- 
sonable affinities from naive libraries, very large 
libraries (>10 10 clones) must be constructed. It 
proved necessary to utilize a bacterial recombina- 
tion system (CreAox) to produce an Fab library of 
sufficient size (6.5 x 10 10 clones) to isolate 10 nM 
affinity antibodies to the haptens NIP and fluores- 
cein. Antibodies to a wide range of self and foreign 
antigens have been isolated from this library (23). 

Phage display has allowed the development of 
a number of methods for the in vitro affinity matu- 
ration of antibodies. These include Error prone 
PCR, in which point mutations are introduced into 
the antibody variable region gene by increasing 
the Toq polymerase error rate (24), and the use of 
E. coli mutator strains to introduce random muta- 
tions, followed by selection, which has been 
found to yield higher affinity scFv fragments (25). 
These two approaches are useful for obtaining 
single mutant antibodies with higher-affinity; 
however, constraints on library size prevent all 
possible double and triple mutants being screened, 
and suffer from the selection of point muta- 
tions that confer a growth advantage in E. coli. 
Recently, an approach developed by Affymax 
(Palo Alto, CA) has been devised which combines 
in vitro recombination with cassette mutagenesis 
of CDRs, potentially allowing the screening of all 
combinations of mutant and wild-type CDRs (26). 
Alternatively, a codon based mutagenesis system 
can be used to create defined mutant CDR librar- 
ies, containing mixtures of wild-type and random 
sequence (27). 
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Another method of affinity maturation is chain 
shuffling, a hierarchical approach, beginning with 
a known heavy chain and several unknown light 
chains. Panning of this library should reveal new 
light chains that confer higher affinity on the new 
antibody. Subsequently, a new library composed 
of the new light chain (plus VH CDR3) and 
unknown heavy chains is screened to increase 
affinity still further (28). 

The major drawback of phage antibodies iso- 
lated to date has been that, in most cases, the spe- 
cific epitope that is reacted with is unknown. 
Standard panning methods select for antibodies 
that bind to the target, but these antibody frag- 
ments may not display any biological activity, 
e.g., viral neutralization. For example, work car- 
ried out using human anti-RSV antibodies dem- 
onstrates the problem: Of the three antibodies 
found to bind to the viral coat F glycoprotein, only 
one was effective in neutralizing the virus (29). 
However, it has proved possible to direct the 
selection process to enrich for antibodies directed 
against neutralizing epitopes by the use of com- 
petitive elution techniques: competition between 
phage and well-characterized monoclonal antibod- 
ies (30), Alternatively, selection can be directed by 
imprinting, a process that transfers the specifici- 
ties of a murine monoclonal antibody to a novel 
human antibody by creating a chimeric library of 
the murine heavy chain and random human light 
chains, then selecting for binding antibodies and 
repeating the process with the new light chain and 
a library of human heavy chains in a procedure is 
analogous to chain shuffling (31). 

23. Other Protein Libraries 

Phage display is being developed in two areas 
for nonantibody protein libraries. First, to increase 
the affinity and alter the specificity of particular 
proteins, and second, the isolation of previously 
uncharacterized proteins from cDNA libraries. 
Several proteins have recently been displayed on 
bacteriophage as genelQ fusions, including HGH, 
trypsin, plasminogen activator inhibitor, the high- 
affinity IgE receptor, ciliary neurotrophic factor, 
and others (32-36). Most work to date has simply 
demonstrated that the displayed protein is func- 



tional, rather than attempting to define mutants 
with altered affinities or specificities. However, 
the display of IL3 on phage showed that an In- 
dependent cell line could be stimulated by the 
cytokine phage itself. This suggests that screen- 
ing for biologically active variants will be pos- 
sible using phage displayed proteins (37). 

Recently two successful methods for cDNA- 
phage library construction were described; A 
cDNA library was expressed as Oterminal fusion 
proteins to pVI, and serine protease inhibitors 
were isolated by standard panning techniques 
(38). The second method is based on the co-expres- 
sion of Fos-cDNA and Jun-pDI fusions, relying 
on the Jun-Fos leucine zipper dimerization to 
anchor the cDNA product to pin (39). 

A final example of the display of nonantibody 
proteins is the isolation of bacterial receptor 
ligand-binding domains from fragmented DNA 
libraries (40). 

3. Enrichment Strategies 
and Improved Panning Methods 
for Selection of Phage 

Bio-panning allows phage to associate with the 
target (either bound on a support, or in solution) 
over a period of time, followed by washing to 
remove nonspecifically bound phage, then elution 
of the remaining particles, and infection of E. coli 
to monitor the recovery. Amplification of the eluted 
phage, followed by repetition of the selection pro- 
cess, allows enrichment of specific-binding clones. 

Solid support panning methods are similar to 
standard ELISA assays. A number of different 
materials have been used for coating target, 
including ELISA plates or ELISA tubes (e.g., 
NUNC [Paisley, Scotland] Iromunotubes), or cross- 
linking to agarose (17,20). The choice of support 
can affect the success of the panning procedure, 
depending on the target molecule concentration, 
and the displayed ligand affinity. Following coat- 
ing, nonspecific sites on the matrix are blocked 
with either bovine serum albumin (BSA) or low 
fat milk powder in phosphate or Tris-buffered 
saline. Phage are then incubated with the target, 
in the presence of blocking agent, and then washed 
with buffer alone or supplemented with detergent 
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(e.g., Tween 20) to remove nonspecific phage. 
The washing stringency can be varied by chang- 
ing the number of washes for a particular round of 
panning to allow selection of high off-rate vari- 
ants. Bound phage are then eluted from the sup- 
port with either low pH glycine (17,18), or high 
pH triethylamine (20), neutralized with Tris buffer 
and allowed to infect log-phase male E. coli. A 
number of groups have found that bound phage 
can be efficiently eluted by incubating directly 
with E. coll Tween 20 can also be included 
with the phage and the blocking solution. This 
can reduce nonspecific phage recovery (at 
0.05% final concentration), but it can also reduce 
the recovery of specific phage; therefore, when 
panning against target on solid supports, including 
Tween 20, in the second and subsequent rounds of 
panning is preferred (unpublished observations). 

Solution methods for selecting binding phage 
rely on the target molecule being tagged, normally 
with biotin, to allow the target/phage complexes 
to be separated from free phage onto a strepta- 
vidin-coated surface (either coated on an ELISA 
plate, or on magnetic beads) (6,41)- An aliquot of 
the phage library is mixed with the biotinylated 
target in the presence of blocking agent for a 
period of time that ensures equilibrium has been 
reached (normally, a few hours to overnight). 
Bound phage are removed from solution by strepta- 
vidin and the supernatant discarded Washing and 
elution are then carried out as above. Thus, in this 
method there is a two-phase process to recovering 
bound phage: target-phage binding, followed by 
streptavidin-target binding. It has been suggested 
that this process increases the recovery of low- 
affinity ligands, because of multivalent interac- 
tions when a high-target molecule concentration 
is used (42). 

Because of the low numbers of a particular 
phage sequence in a primary phage population, 
the first round of selection is crucial to the suc- 
cessful isolation of binding clones: If 10 11 phage, 
amplified from a library of 10 8 clones, are used 
for the first round of panning, there will be on 
average 1000 copies of each individual clone from 
the starting library. If only one binding clone is 
present in the library, and, for example, 1 % of the 



specific binding phage are recovered, then only 
10 copies will be recovered in the eluate. Follow- 
ing amplification of the recovered clones, enrich- 
ment in subsequent rounds of panning will allow 
recovery of increased numbers of phage, and an 
increase in the total number of phage recovered 
should be observed. The enrichment of binding 
phage between rounds of panning can also be 
monitored by performing a polyclonal ELISA 
with the amplified phage stocks from each round 
of panning. This is important, since it has been 
noted that the binding phage titer can drop if too 
many rounds of selection are performed (14). 

As the percentage of specific-binding phage 
recovered under particular panning conditions is 
approximately related to affinity and the con- 
centration of target (43), the low number of bind- 
ing phage recovered in the first round of panning 
may be a concern when isolating ligands in the \iM 
range, such as antibodies from naive repertoires 
(20,21) or most peptides (2,3). The situation is 
exacerbated when the target is a large macromol- 
ecule coated onto a solid support, resulting in a con- 
centration of coated target well below the affinity 
constant of the phage-displayed Iigand (42). 

In an experimental solid-phase panning system, 
adequate recovery of low-affinity ligands was 
achieved by performing a number of sequential 
panning steps in ELISA plate wells, or by increas- 
ing the phage concentration (in a reduced volume) 
in Immunotubes. In this experiment, the authors 
noted that the recovery of nonspecific phage was 
much lower in the ELISA plate format (44), 

Alternatively, vector systems which allow mul- 
tivalent display of ligands can be used to allow 
avidity effects to encourage the recovery of low- 
affinity phage. Also, the 2SL coli strain used to 
produce the library may affect the number of cor- 
rectly folded fusion-proteins displayed per phage: 
phage-antibodies produced as fusions to the C-ter- 
minal domain of pill (i.e., a monovalent display 
system) in the E. coli : TOP10F' strain (Invitrogen, 
de Schelp, Netherlands) have been shown to give 
higher ELISA signals than when produced in the 
widely used E> coli strain XLl-Blue (Stratagene, 
Cambridge, UK) (45). Production of initial librar- 
ies in the former strain may increase the recovery 
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of specific-binding phage during the first round 
of panning. In addition, the £. coli strain TGI 
seems able to provide higher recoveries of infec- 
tious units, for the same input number, than other 
male E. coli strains (K. Johnson, personal com- 
munication). Increasing the number of phage 
incubated with target should also improve recov- 
ery in the first round of panning. This approach 
can be aided by the co-expression of the E. coli 
chaperonins, GrdEL and GroES, which can result 
in a 100-fold increase in initial library titers, 
thereby allowing more phage to be incubated with 
target (46). 

Panning methods can be subjected to numer- 
ous modifications for selective enrichment of 
high-affinity ligands. The simplest methods 
involve reducing the concentration of target mol- 
ecules to a level that is below the affinity constant 
sought for the phage-displayed Uganda This 
approach has been used successfully in solution 
phase systems, demonstrating that phage can be 
selected according to their affinities, despite the 
possibility of multivalent interactions (42,43), 
Another solution approach to discriminate between 
phage, is to select for phage-scFv antibodies with 
a slow off rate by initially incubating phage with 
a small amount of biotinylated antigen, followed 
by the addition of excess unbiotinylated antigen 
and following dissociation over time. This led to 
the selection of a mutant scFv with a >10-fold 
higher affinity for antigen than the parent anti- 
body (41). 

Selective enrichment for specific binding phage 
can be achieved when screening libraries contain- 
ing a protease cleavage site, such as trypsin or 
Factor Xa, at the fusion protein-genein junction 
(45,47). In theory, treatment with a protease, fol- 
lowing washing, should lead to the recovery of 
only those phage interacting with target via the 
fusion protein, rather than those that are non- 
specifically bound through phage protein-target/ 
coating matrix interaction. It has been shown for 
P-lactamase displayed on geneHI, that incubation 
with Factor Xa resulted in a 50-fold enrichment 
for specific phage over nonbinding phage in com- 
parison with normal elution methods (47). The 
success of this approach depends on equal acces- 



sibility of the cleavage site independent of the 
particular protein displayed. A similar approach 
can be applied when screening disulfide bridge- 
containing proteins or peptides by using DTT 
under conditions that have been shown not to 
affect phage infectivity to elute binding phage 
(48). This was explained by Kremser and Rasched, 
who showed that the pin disulfide bonds are 
internalized (49). In a recent development, E. coli 
infection was linked to antigen recognition, 
allowing isolation of anti-HIV gpl20 antibodies 
(SO). This was achieved by linking gpl20 to 
genelll and panning this with a naive Fab library 
produced with genelll deficient M13. Phage 
bound to the gpl20-genein fusion were then 
capable of infecting E. colL When the same library 
was produced with normal M13, and panned 
against gpl20, no binding clones were found. 

As mentioned above, it is possible to ensure 
that phage are directed against an epitope of inter- 
est by competitively eluting binding phage with 
an antibody directed against a specific epitope 
(30). This method allows the enrichment of spe- 
cific binding antibodies or peptides from impure 
antigen sources. Alternatively, competitive elu- 
tion, with antigen in a particular conformation, 
can be used to enrich for antibodies directed 
against epitopes exposed in antigen in an altered 
state. This was demonstrated in the isolation of 
antibodies specific for the cleaved C5a peptide, 
which did not bind to the intact C5 complement 
protein (51). 

It remains difficult to screen for ligands against 
many target molecules where the molecule is 
uncharacterized, or when purified to homogene- 
ity, the native conformation of the molecule is 
lost, resulting in the exposure of areas of the mol- 
ecule not normally seen in vivo, as in the case of 
membrane-bound proteins. However, a number of 
approaches have been developed through which 
ligands of unpurified targets can be isolated. Thy- 
roid peroxidase (TPO), a 107 kDa protein expressed 
on the surface of thyroid cells, was expressed in 
Chinese hamster ovary (CHO) cells, and a phage- 
antibody library panned against the cells express- 
ing the protein. Preincubating ihe phage antibody 
library with normal CHO cells overnight, and 
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spinning down the cells to remove phage-antibod- 
ies to CHO cell surface markers, resulted in the 
isolation of anti-TPO specific autoantibodies (52). 
This preabsorption technique has also been used 
in the isolation of anti-red blood cell antibodies, a 
situation where it was possible to detect positive 
clones by agglutination rather than ELISA (53). 
Finally, fluorescence-activated cell sorting has 
recently been applied to isolate phage-antibodies 
to particular cell types directly from peripheral 
blood leukocytes (54). 

4- Future Directions 

It can be anticipated that advances in library 
construction techniques will allow the production 
of even larger libraries than can be made at 
present. These libraries, in conjunction with more 
efficient affinity maturation processes and novel 
selection methods which have recently begun to 
emerge, will ensure that phage display will play a 
key role in the isolation and improvement of lead 
therapeutic and diagnostic compounds for the 
pharmaceutical industry. Finally, phage display is 
likely to find a role in other areas not currently 
exploiting combinatorial library technology, such 
as in the improvement of toxic chemical degrada- 
tion enzymes for bioremediation. 
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DNA therapeutics show great potential for gene-specific, nontoxic therapy of a wide variety of diseases. 
The deoxyribose phosphate backbone of DNA has been modified in a number of ways to improve 
nuclease stability and cell membrane permeability. Recently, a new DNA derivative with an amide 
backbone instead of a deoxyribose phosphate backbone, peptide nucleic acid (PNA), has shown 
tremendous potential as an antisense agent. Although PNAs hybridize very strongly and specifically 
to RNA and DNA, they are taken up by cells very poorly, limiting their potential as nucleic acid 
binding agents. To improve cellular uptake of a PNA sequen ce, it w as conjugated to a D-amino ac id 
analog of ins ulin-like growth factor 1 (IGF1) whir h hi n Hc cAfartwiy tn thVroii cnrfarp ^r^tnr w 
insulin-liKe growth factor 1 (IGF1R). TheC lGFl D-peptide analbg^ was assembled oh (4-methylben- 
zhy dry 1) amine resin, and then the PNA was extended as a continuation of the pep tide. The conjugate 
and control sequences were radiolabeled with 14 C or fluorescently labeled witn fluorescein isothiocy- 
anate. Cellular uptake of the PNA-peptide conjugate, a control with two alanines in the peptide, 
and a control PNA without the peptide segment were studied in murine BALB/c 3T3 cells, which 
express low levels of murine IGF1R, in p6 cells, which are BALB/c 3T3 cells which overexpress a 
transfected human IGF1R gene, and in human Jurkat cells, which do not express IGF1R, as a negative 
control. The specific PNA-peptide conjugate displayed much higher uptake than the control PNA, 
but only in cells expressing IGF1R. This approach may allow cell-specific and tissue-specific application 
of PNAs as gene- regulating agents in vivo. 



INTRODUCTION 

Targeting oligonucleotides to a particular gene, or 
messenger RNA of the gene, to specifically inhibit the 
expression of that gene has developed into an attractive 
therapeutic strategy in recent years, especially for treat- 
ing cancers and viral diseases {1—3). Novel oligonucle- 
otide analogs have been synthesized to act as antisense/ 
antigene agents, to improve the biological stability, 
solubility, cellular uptake, and ease of synthesis. One 
of the recent additions to this group of modified oligo- 
nucleotide analogs is the peptide nucleic acid (PNA) 1 
(Figure 1) (4). In these compounds, the entire deoxyri- 
bose phosphate backbone has been replaced with a 
structurally homomorphous polyamide (peptide) back- 
bone composed of (2-aminoethyl)glycine units, leaving the 
oligomer uncharged. This synthetic DNA mimic exhibits 
enhanced affinity and specificity for its complementary 
nucleic acid target sequence. 
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Figure 1. Structure of PNA and DNA. PNAs are peptide-based 
analogs of DNA in which the phosphate sugar backbone is 
replaced by (2-aminoethyl) glycine. 



The PNAs have clear advantages over a variety of 
oligonucleotide analogs in several properties that are 
critical for antigene/antisense activity. Compared with 
other oligonucleotide derivatives, PNAs display the high- 
est values for duplexes formed with single -stranded 
DNA or RNA (.5). PNAs are also resistant to both 
proteases and nucleases (6). Another major advantage 
is that PNAs can strand-invade duplex DNA, resulting 
in the formation of D-loops (7). This characteristic may 
make it possible to manipulate gene expression at the 
level of transcription. These complexes mediate the 
antigene/antisense effects of PNAs by steric hindrance 
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of enzyme complexes responsible for DNA transcription, 
cDNA synthesis, and RNA translation. 

PNA activity as an antisense agent has been demon- 
strated in vitro and by microinjecting individual cells in 
culture (8). Microinjection of PNAs into cells was neces- 
sary because of poor cellular uptake (9} which was found 
to be 10 times less efficient than uptake of phospho- 
rothioates in a variety of mammalian cells (1C). One of 
the primary requirements for an oligonucleotide analog 
to be successful as an antigene/antisense agent is for it 
to be taken up by the cells in reasonable quantity so that 
it can reach its target in sufficient concentration. Since 
the PNAs suffer from poor cellular uptake, they have not 
been developed as an antigene/antisense therapeutic 
agent. To alleviate this situation, a strategy was devel- 
oped to improve cellular uptake as well as to target the 
PNAs to specific cell types. A previous attempt was made 
to deliver PNA specifically through the blood-brain 
barrier (BBB) by binding a biotinylated PNA to strepta- 
vidin conjugated to a monoclonal antibody against trans- 
ferrin receptor (If), to take advantage of the relatively 
high level of transferrin receptor at the BBB. The 
strategy was to have the PNAs cross the BBB via 
transferrin receptor mediated endocytosis. Though ac- 
cumulation of the intravenously administered PNA— 
biotin— streptavidin— antibody inside the brain was 28- 
fold greater than accumulation of unmodified control 
PNA, no evidence was presented for cellular uptake of 
these large, complex conjugates. 

Recent investigations have revealed that the insulin- 
like growth factor 1/insulin-like growth factor 1 receptor 
(IGF1/IGF1R) system plays major regulatory roles in 
development, cell cycle progression, and the early phase 
of tumorigenicity (12). Small peptides have been de- 
signed by molecular modeling as analogs of natural IGF1. 
The most effective peptide analog, JB3, D-Cys-Ser-Lys- 
Ala-Pro-Lys-Leu-Pro-Ala-Ala-Tyr-Cys, inhibits growth of 
certain cancer cell lines and competes with the natural 
ligand for binding to the IGF1R {J 3). Thus, we hypoth- 
esized that conjugation of the D-peptide analog with an 
antisense PNA against an effective target sequence of 
IGF1R mRNA (14) would provide cell-type specificity, and 
increased cellular uptake, by those cells overexpressing 
IGF1R. The rationale behind this strategy is the predic- 
tion that the peptide moiety would specifically bind the 
cell surface receptor, in this case IGF1R, to concentrate 
the conjugates on the specific cells, and then the conju- 
gate would get taken up by receptor mediated endocytosis 
(15), In the case of PNAs, a study of cellular uptake 
demonstrated active endocytosis, with 13% of the inter- 
nalized radiolabel localized to the nuclei after 8 h (1G). 
No toxicity was evident over 24 h of observation. Once 
inside the cell, some fraction of internalized PNA may 
then interact with its target nucleic acid in the cytoplasm 
or nucleus. 

The JB3 peptide has two Cys residues, one at each 
terminus, which are disulfide linked to form a loop with 
limited flexibility, favoring a conformation for binding to 
the receptor. The use of D-amino acids gave the peptide 
stability against cellular proteases. A reverse sequence 
was synthesized with respect to the normal L-amino acid 
sequence to account for the reversal of chirality (13). To 
reduce the complexity of the synthesis, a smaller version 
of JB3, called JB9, D-Cys-Ser-Lys-Cys, was selected for 
conjugation with the PNA. The peptide segment was 
synthesized automatically using standard Fmoc coupling, 
after which the PNA moiety was extended from the N 
terminus of the peptide by manual Boc coupling (16). 

Cellular uptake of the PNA— peptide conjugate, a 
control with two D-Ala residues in the peptide in place 




J Solid Phase Boc Peptide Nucleic Acid Synthesis 

f f z; z; Bzl Mob H Q 

z z z o k ob i o 

I Deprotection and cleavage: anhydrous HF/anisole, 9C t 45 min 

H 2 N-Gly-CCGCTTCCTTTC-r>Glyj-Cys-Ser-Lys-Cys-9Nht 
O O 

PNAP1 PNA-Peptide Conjugate 

Figure 2. Synthetic scheme for assembly of PNA- peptide 
conjugates. 

of D-Ser-Lys, and a control PNA without a peptide adduct 
were studied in murine BALB/c 3T3 cells, which express 
low levels of murine IGF1 R, in p6 cells, which are BALB/c 
3T3 cells, which overexpress a transfected human IGF1R 
gene (13), and in human Jurkat cells, which do not 
express IGF1R (17), as a negative control. In cells 
expressing IGF1R, the specific PNA- peptide conjugate 
displayed significantly higher uptake than the control 
PNA or the control PNA— peptide. This approach may 
allow cell -specific and tissue-specific application of PNAs 
as gene-regulating agents in vivo. 

MATERIALS AND METHODS 

Assembly of PNA-Peptide Conjugates. The 

IGF 1R- targeted PNA-peptide (PNAP1) synthesized was 
H-Gly-CCGCTTCCTTTC-Gly 4 -Cys-Ser-Lys-Cys-NH 2 (Fig- 
ure 2). The PNA dodecamer, CCGCTTCCTTTC, is 
complementary to nucleotides 2251—2262, codons 706- 
709, of human IGF1R mRNA, corresponding to the 
putative precursor processing site (16). The four glycines 
at the N terminus of the peptide adduct serve as a spacer 
between the peptide and the PNA moieties to minimize 
mutual interference, as these two segments by design 
have independent functions. 

The peptide portion of the conjugate was synthesized 
automatically on />methylbenzhydrylamine-HCl (1% 
divinyl polystyrene cross-linked) resin on an Applied 
Biosystems 331 peptide synthesizer at 0,10 mmol scale 
(250 mg) with a standard HBTU coupling protocol using 
Fmoc-D-Cys (Mob)-OH (Bachem Biosciences, Inc., King 
of Prussia, PA), Fmoc-D-Ser (Bzl)-OH (Bachem Bio- 
sciences), Fmoc-D-Lys (Z)-OH (Novabiochem, San Diego, 
CA), and Fmoc-Gly-OH (Applied Biosystems, Foster City, 
OA). After assembly of the complete peptide, the N- 
terminal Fmoc group was removed. Thus, the amino 
terminus became available for assembling the PNA chain 
as a continuation of the protected D-peptide segment. 
H 2 N-Gly-Gly-Gly-Gly-D-Cys(Mob)-D-Ser(Bzl)-D-Lys (Z)-D- 



Cellular Uptake of PNA-Peptide Analogs 

Cys(Mob) -resin. The Boc-protected PNA monomers 
(PerSeptive Biosys terns, Framingham, MA) were coupled 
manually essentially as described (16). 

In short, 1.5 mL solutions of 0.10 M Boc-protected 
monomer (0.15 mmol) were preactivated for 2 min with 
0.08 M HBTU and 0.20 M DIEA (base) in pyridine/DMF 
(1:1 v/v) and then coupled to 0.040 mmol (200 mg) of 
H-Gly-Gly-Gly-Gly-D-Cys(Mob)-D-Ser(Bzl)-D-Lys(Z)-D-Cys- 
(Mob) -resin for 20 min. Qualitative ninhydrin analysis 
was conducted on an aliquot of the growing Boc-PNA- 
peptide-resin to determine the presence of free amines 
(19). The resin was washed twice with 3 mL of pyridine 
for 2 min. The free amines were capped with a mixture 
of acetic anhydride/pyridine/CH 2 Cl 2 (10:12:78, v/v/v) for 
5 min. Any acetyl esters formed by the capping step were 
removed by treatment with 3 mL of piperidine/CH 2 Cl 2 
for 5 min. The resin was then washed three times with 
3 mL of DMF/CH 2 C1 2 (1:1, v/v), followed by washing three 
times with 3 mL of neat CH2CI2, three times, for 2 min 
per wash step. The terminal Boc group was removed by 
treating the resin twice with TFA//n-cresol (95:5, v/v) for 
2 min. The PNA— peptide— resin was washed three times 
with DMF/CH2CI2 (1:1, v/v) for 2 min each, followed by 
two washes with neat pyridine for 2 min each. The 
coupling/deprotection cycle with Boc-PNA monomers was 
repeated until the e'ntire PNA sequence was assembled, 
Ninhydrin analysis was repeated and proved to be 
negative. The completed PNA- peptide conjugate was 
deprotected and cleaved from the resin with anhydrous 
HF/anisole at 0 °C for 45 min. A control PNA (PNA1) 
without a peptide, Gly-CCGCTTCCTTTC-CONH 2 , and a 
peptide sequence control (PNAP2), Gly-CCGCTTCCTTTC- 
CONH-Gly4-Cys-Ala-Ala-Cys-C0 2 H, were custom syn- 
thesized by PerSeptive Biosystems. 

Purification of PNA-Peptide Conjugates. The 
two cysteine side chains in the peptide were cyclized by 
dissolving the conjugate in 0.01 M NaHC03, pH 8.5, at 
5,0 g/L, and stirring for 24 h at room temperature in the 
presence of atmospheric oxygen to allow formation of 
disulfide linkages. The lyophilized conjugate was as- 
sayed for free sulfhydryl groups by Ellman's reagent 
(DTNB assay) (2G). The cyclized crude product was 
purified by HPLC on a 10 x 250 mm ds Econosil column 
(All tech Associates, Deerfield, IL) eluted over 40 min from 
10% to 80% acetonitrile in water containing 0.1% TFA, 
at 4 mL/min, on a Waters 600 multisolvent delivery 
system coupled with a temperature controller maintain- 
ing the column at 50 °C and a Waters 486E variable- 
wavelength detector, monitoring eluent absorbance at 
260 nm. 

Characterization of PNA— Peptide Conjugates by 
Mass Spectroscopy. The conjugate was also character- 
ized by MALDI-TOF mass spectroscopy (21) on a Hewlett- 
Packard 1700 LDI calibrated with a standard peptide 
mixture supplied by the manufacturer. Equal volumes 
of a 0.5 mM solution of the conjugate in 20% methanol, 
80% water, and a solution of sinapinic acid (3,5-dimethoxy- 
4- hydroxy cinnamic acid; Aldrich, Milwaukee, WI) were 
mixed well. Then, 1 //L of the solution was placed on 
the tip of the probe, and the sample was allowed to 
crystallize under vacuum and then analyzed to obtain 
the mass of the conjugate. A PNA1 sample was similarly 
analyzed. 

Characterization of PNA-Peptide Conjugates by 
SDS-Polyacrylamide Gel Electrophoresis. The 

PNA— peptide conjugate was also characterized by SDS- 
polyacrylamide gel electrophoresis. The samples were 
electrophoresed on 4-20% acrylamide gradient gels (Bio- 
Rad, Hercules, CA), on a Bio-Rad Mini-Protean II Cell 
apparatus. Gel electrophoresis was conducted at 100 V, 
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in Laemmli buffer, pH 8.3 (22), calibrated with low-range 
prestained protein molecular mass standards, 3—43 kDa 
(Life Technologies, Gaithersburg, MD). The gels were 
stained with Coomassie brilliant blue to visualize the 
bands. 

Synthesis of [ I4 C] PNA- Peptide and [ l4 C]PNA 
Conjugates. PNA1, PNAP1, and PNAP2 were radioac- 
tively labeled by reductive methylation with [ 14 C] form- 
aldehyde as described (10, 23). Briefly, PNA and PNA- 
peptides (100 nmol) were dissolved in 0.1 mL of 0.2 M 
Na 2 HP0 4 , pH 7.5 (to minimize lysine methylation), with 
500 nmol of [ U C] formaldehyde (NEC-039H. 40-60 Ci/ 
mol, New England Nuclear, Boston, MA) and incubated 
for 2 h at room temperature with periodic vortexing. 
Sodium cyanoborohydride (0.1 mL of a fresh 100 mM 
solution) was then added to the mixture to reduce the 
Schiff base, and the incubation was continued for an 
additional 4 h with periodic vortexing. The [ I4 C1PNA 
derivatives were purified by gel filtration on NAP 10 G-25 
Sephadex columns (17-0854-01, Pharmacia Biotech Inc., 
Piscataway, NJ). Homogeneity was evaluated by TLC 
of a small aliquot on cellulose plates (1 366061 , Eastman 
Kodak, Rochester, NY) developed with />butanol/glacial 
acetic acid/H 2 0 (4:1 :5). Specific activities of the labeled 
PNAs were estimated by measuring concentrations from 
/4 2 6o in UV-absorbing TLC bands extracted with water 
and 14 C radioactivity using liquid scintillation counting 
at 75% counting efficiency. The specific activities of 
several preparations ranged from 5.3 to 11 Ci/mol. 

Synthesis of PNA-Peptide- Fluorescein and 
PNA -Fluorescein Conjugates. Purified PNAP1 and 
PNA1 were fluoresceinated with a 20-fold excess of FITC 
in 0.2 M Na 2 HP0 4 buffer, pH 8.5 (to minimize lysine 
fluoresceinylation), for 2 h with constant stirring. The 
products were purified from free FITC by preparative 
chromatography on a NAP 10 G-25 Sephadex column and 
further purified on a G-50 Sephadex column (Pharmacia 
Biotech Inc.). Fluorescein conjugates were then analyzed 
by SDS-polyacrylamide gel electrophoresis as above. 

Thermal Denaturation of PNA-DNA Duplexes. 
Thermal denaturation profiles of an equimolar mixture 
of the purified PNAP1 conjugate or PNA1 control, and 
their complementary DNA target, were performed in 10 
mM Tris-HCl, pH 8.0. 100 mM NaCl, on a Cary 3E 
spectrophotometer equipped with a multicell holder and 
a temperature controller (Varian, Palo Alto, CA). The 
rate of increase of the temperature was 1 °C/min, from 
10 to 90 °C. All T m values were calculated from the first 
derivative of the melting curve, and the reported values 
are the average of three experiments. 

Serum Stability of the PNA-Peptide Conjugate. 
An aliquot of PNAP1 conjugate was incubated in 10% 
fetal bovine serum/PBS for 12 and 24 h at 37 °C. After 
incubation, 1 volume of acetonitrile was added to each 
sample to precipitate serum proteins, which were pelleted 
by centrifugation (24). Free conjugate in the supernatant 
was evaporated in vacuo. It was then analyzed by 
reversed phase HPLC as described above. 

Cellular Uptake Studies with [ 14 C]PNA and [ 14 C]- 
PNA-Peptide Conjugates. Cellular uptake studies 
with radiolabeled PNA derivatives were carried out as 
described previously (10). p6 cells, which are murine 
BALB/c 3T3 cells transfected with human IGF1R gene, 
and nontransfected murine BALB/c 3T3 cells were plated 
in DMEM with 10% FBS in 12.5 cm 2 flasks and then 
allowed to attach and grow for 2 days in a humidified 
cell incubator with 5% C0 2 at 37 °C. reaching 50-80% 
confluence, on the order of 10 6 cells per flask. The 
medium was then removed and replaced with fresh 
medium containing 1 fxM of the various [ 14 C]PNA deriva- 
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tives, prewarmed to 37 °C; background cells received 
medium with no [ U C]PNA derivatives. After incubation 
for various times, attached cells were washed directly in 
the flasks using four washes: once with fresh medium, 
once with PBS, once with 1.0 M NaCl/0.4 M NaOAc, pH 
3.3, and once with PBS. This procedure had the advan- 
tage of removing both noninternalized oligomer and any 
dead cells, which can accumulate large amounts of 
labeled oligomer and thereby skew any uptake measure- 
ments (16). Human Jurkat cells, which lack IGF1R (17), 
were used as a negative control. They were grown in 
suspension in RPMI 1640 with 10% FBS in a humidified 
cell incubator with 5% C0 2 at 37 °C. The Jurkat cells 
were treated in the same manner as the attached cells, 
except that they were incubated and washed in centrifuge 
tubes, rather than on plates, because they grow in 
suspension. 

After the final wash, the cells were lysed in 1 mL of 
1% SDS in H2O, and the samples were processed for total 
protein measurement and liquid scintillation counting as 
described before (16). Fifty microliters of the lysate was 
allocated for total protein measurement, and !4 C activity 
in the remaining lysate was measured by liquid scintil- 
lation counting, from which background counts were 
subtracted. Background samples from control lysates not 
treated with [ 14 C]PNA derivatives typically yielded 12- 
15 cpm, corresponding to <1 pmol even at 10 Ci/mol or 
0.2 pmol at a typical specific activity of 40 Ci/mol. Thus, 
an experimental sample with twice the background 
counts per mimute would contain 0.2—1 pmol, depending 
on the specific activity, which may be considered the limit 
of detection. 

Control samples of varying confluence were trypsinized 
following the last wash, resuspended in PBS for cell 
counting, and then lysed to obtain total protein values. 
This allowed the generation of a standard curve corre- 
sponding to total protein vs cell number. The curve was 
used to estimate cell counts from the total protein 
measurements of treated cells, and [ l4 C]PNA counts were 
used to calculate picomoles of oligomer using the specific 
activity of each labeled preparation. Values for cell 
number and picomoles of cell-associated oligomer were 
therefore obtained for each treated sample. Estimates 
of cell volume were obtained by microscopic evaluation 
of cell diameters using a micrometer and subsequent 
calculation of an average cell volumes, as described (16). 

Cellular Uptake Studies with PN A- Fluorescein 
and PNA-Peptide-Fluorescein Conjugates. Cel- 
lular uptake studies with fluorescein conjugates of PNA1 
and PNAP1 were conducted with p6 cells and Jurkat 
cells, P6 cells were plated on LAB TEK 8 well tissue 
culture Chamber Slides (Nunc, Naperville, IL) in DMEM 
with 10% FBS at a concentration of 20 000 cells/chamber. 
The cells were allowed to attach and grow for 24 h in a 
humidified cell incubator with 5% C0 2 at 37 °C. The 
attached cells were then washed with serum-free DMEM 
and PBS. The cells were incubated for 4 h at 37 °C with 
1 /*M of the fluoresceinated PNAP1 in PBS. Human 
Jurkat cells, the negative control, were treated in the 
same manner as the p6 cells, except that they were 
incubated and washed in centrifuge tubes rather than 
on plates, because they grow in suspension. At the 
conclusion of the incubation period the cells were washed 
with serum-free DMEM once followed by three washings 
with PBS. Then the cells were fixed with 1% paraform- 
aldehyde/PBS for 1 h and washed once with buffer from 
an ANTI-FADE kit (Molecular Probes, Eugene, OR). The 
chambers were removed and excess liquid drained off. 
One drop of the ANTI-FADE reagent was sufficient to 
cover the cells on the slides, which were covered with 
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Figure 3. Analytical HPLC of purified, cyclized PNA- peptide 
conjugate PNAP1, on 4.6 x 250 mm Econosil Cis column eluted 
over 40 min from 12% to 76% acetonitrile in water containing 
0.1% TFA, at 1 mL/min, at 50 X: (A) following purification; 
(B) extracted from serum after 24 h of incubation. Eluent 
absorbance was monitored at 260 nm. 
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Figure 4. SDS-PAGE of the PNA-peptide conjugate: lanes 
1 (0.5 nmol), 3 (0.75 nmol), and 4 (1.5 nmol) are the conjugate; 
lane 2 contains the molecular mass markers. The gel was 
stained with Coomassie brilliant blue. The conjugate (3.85 kDa) 
migrates between the 6.2 and the 3.0 kDa markers. 

coverslips and sealed. The fixed slides were examined 
on a Bio-Rad MRC-600 laser scanning confocal micro- 
scope, interfaced to a Zeiss Axiovert 100 with a Plan- 
Apo 63X 1 .40NA oil-immersion lens, using fluorescence 
microscopy and phase contrast microscopy to observe 
cellular uptake of the fluorescent oligomers. 

RESULTS 

Assembly, Chromatography, and Mass Spectros- 
copy of the PNA-Peptide Conjugate. The PNA- 
peptide conjugate PNAP1, 5'-CCGCTTCCTTTC-3'-N- 
(Gly)4-D-(Cys-Ser-Lys-Cys)-C, was synthesized on a solid 
phase support with a blend of automatic and manual 
syntheses (Figure 2) . The conjugate was deprotected and 
cleaved from the solid support, yielding 140 mg (0.0364 
mmol) of crude linear product, a 91% yield by mass, 
which could be an overestimate, due to the potential 
inclusion of nonpeptide impurities. Analytical HPLC 
displayed a main product peak including almost 90% of 
the total area under the peaks. Thus, the product of 91% 
crude yield with 90% full-length product in that material 
gives a maximum estimated yield of 82%. The linear 
PNAP1 was then cyclized and purified by reversed phase 
HPLC. Analytical HPLC after purification (Figure 3A) 
displayed a single peak. This is the first demonstration 
of a partially automated synthesis of a PNA-peptide 
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Figure 5. Cellular uptake of radiolabeled PNA and PNA- 
peptides by mammalian cells as a function of incubation time 
at 37 °C: (A) BALB/c 3T3 cells; (B) p6 cells; (C) Jurkat cells. 
Cells were incubated in the presence of 1 fiM [ H C]PNA1 (•), 
[ 14 C]PNAP1 (O), and [ 14 C]PNAP2 (O) for varying lengths of time 
and processed for measurement of cell -associated radioactivity. 
Data are presented in terms of picomoles of oligonucleotide per 
10 6 cells. Each data point in (A) and (B) represents the mean ± 
SEM of three replicates. Each data point in (C) represents the 
mean ± variance of two replicates, 

conjugate. Two different coupling chemistries were 
utilized: the more widely used Fmoc coupling for the 
peptide segment and Boc coupling for the PNA segment. 
The purified cyclized PNAP1 peak provided a MALDI- 
TOF mass spectrum with a prominent peak at 3854.5 
amu, close to the calculated mass (3850.7 amu) of the 
intended PNAP1 conjugate. A negative result from the 
DTNB assay of purified, cyclized PNAP1 implied absence 
of free sulfhydryl groups, confirming the completeness 
of disulfide cyclization. A single peak in the HPLC 
chromatogram, as well as a single peak in the mass 
spectrum corresponding to the monomeric mass of 



PNAP1 -peptide, indicated that the peptide portion was 
indeed cyclized, rather than dimerized or oligomerized. 
PNA1 was assembled, purified by HPLC, and analyzed 
by mass spectrum in the same fashion, PNAP2 from 
PerSeptive Biosystems was also homogeneous after cy- 
clization and purification. 

Electrophoretic Analysis of the PNA-Peptide 
Conjugate. To further characterize the conjugate, it was 
analyzed by denaturing SDS-polyacrylamide gel elec- 
trophoresis (22), used regularly for sizing of polypeptides. 
Previously, it has been possible to analyze complexes of 
PNAs hybridized to charged nucleic acids by nondena- 
turing gel electrophoresis (5). However, free PNAs have 
not been analyzed previously by gel electrophoresis, due 
to their lack of charge. The SDS-denatured conjugate 
migrated as predicted according to its molecular mass, 
compared to the standard peptide molecular mass mark- 
ers (Figure 4). This is the first demonstration that PNA- 
peptide conjugates could be analyzed for their homoge- 
neity and molecular mass by denaturing gel elec- 
trophoresis. Fluorescein conjugates were also analyzed 
by SDS-polyacrylamide gel electrophoresis and dis- 
played single bands of lower mobility (not shown). 

Thermal Denaturation of PNA-DNA Duplexes. 
The PNA- peptide conjugate includes a Gly4 spacer 
between the dodecamer PNA segment and the tetrapep- 
tide IGF1 analog. Despite the presence of the spacer 
section, it is plausible that the peptide might interfere 
with PNA hybridization to a complementary target. 
Therefore, a thermal denaturation study was undertaken 
to determine whether the peptide moiety might lower the 
T m of the PNA/DNA hybrid. The two melting curves were 
identical, yielding a T m of 60 ± 1 °C. These results imply 
that the peptide moiety on the C terminus of the PNA 




Figure 6. Confocal microscopy of mammalian cells incubated with 1 fluorescein derivatives for 4 h at 37 °C: (A) p6 cells incubated 
with fluorescein alone; (B) p6 cells incubated with fluoresceinated PNA1; (C) p6 cells incubated with fluoresceinated PNAP1 peptide 
conjugate; (D) Jurkat cells incubated with fluoresceinated PNAP1 peptide conjugate. The right-hand side is the fluorescence image, 
and the left-hand side is the phase contrast image of the same field. 
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sequence did not adversely affect the hybridization 
efficiency of the PNA molecule to its complementary DNA 
target, in agreement with previous findings (25, 26) . 

Serum Stability of the PNA-Peptide Conjugate. 
The conjugate was designed to be resistant to both 
proteases and nucleases, as the PNAs are not degraded 
by either the proteases or the nucleases (6), and D- 
peptides are also resistant to proteases (13). Samples of 
PNAP1 incubated in serum were extracted at various 
times and analyzed by HPLC. As hypothesized in the 
design of PNAP1, the 24 h chromatogram displayed no 
detectable degradation (Figure 3B). 

Cellular Uptake Studies with [ l4 C]PNA and [ 14 C]- 
PNA-Peptide Conjugates. The rationale behind the 
construction of the conjugate was that the peptide part 
would bind to IGF1R, a cell surface receptor which is 
overexpressed in a variety of oncogenic cell lines, and that 
would lead to internalization of the molecule via an 
endocytotic mechanism. Once inside the cells, the PNA 
may then find its target nucleic acid and hybridize. 
Therefore, cellular uptake of PNA-peptide conjugates 
was compared among nontransfected BALB/c 3T3 murine 
cells, which express modest levels of murine IGF1R, p6 
cells, which are BALB/c 3T3 murine cells that overex- 
press human IGF1R (14), and human Jurkat cells, which 
display very low expression of IGF1R (17), as a negative 
control. BALB/c 3T3 cells, the parental line from which 
p6 cells were derived, displayed low uptake of [ 14 C]- 
PNAP1, which was still 4-fold more than BALB/c 3T3 
uptake of [ M C]PNAP2 and [ 14 C]PNA1 controls (Figure 
5 A). Uptake measurements with p6 cells showed much 
greater uptake than observed with BALB/c 3T3 cells, 
with 5-fold greater uptake of [ 14 C]PNAP1 than of [ 14 C]- 
PNAP2 or [ 14 C]PNA1 controls (Figure 5B). In contrast, 
uptake experiments with Jurkat cells, which express 
virtually no IGF1R, displayed low uptake, with little 
preferential uptake of [ 14 C]PNAP1 relative to the controls 
(Figure 5C), 

Cellular Uptake Studies with PNA- Fluorescein 
and PNA- Peptide-Fluorescein Conjugates. When 
the PNAP1 conjugate and the control PNA1 sequence 
were fluoresceinated, cellular uptake could be studied by 
fluorescence under a laser confocal microscope. The 
fields observed for fluorescence signals were also observed 
under phase contrast settings. Confocal microscopy 
allowed observation of different planar sections of the 
cells, which distinguished between intracellular fluores- 
cence and cell surface fluorescence. This constitutes a 
significant advantage over conventional fluorescence 
microscopy, which cannot differentiate between signals 
inside ks outside the cells. Incubation of p6 cells with 
fluorescein (hydrolyzed FITC) alone (Figure 6A) or with 
fluoresceinated PNA1 (Figure 6B) showed only very weak 
cell-associated fluorescence, demonstrating that these 
molecules were negligibly taken up by p6 cells. This 
observation implies that uptake was not mediated by the 
fluorescein moiety. In contrast, incubation of p6 cells 
with fluoresceinated PNAP1 conjugate showed bright 
fluorescence signals associated with intracellular struc- 
tures, including the nuclei (Figure 6C). Since the ob- 
served field was a planar section from inside of the cells, 
the PNAP 1 conjugate was presumed to have been inter- 
nalized. Finally, when Jurkat cells were exposed to the 
fluoresceinated PNA-peptide conjugate, negligible cell- 
associated fluorescence signals were observed (Figure 
6D), consistent with the hypothesis that the uptake of 
the PNA-peptide conjugate PNAP1 would be mediated 
by the JB9 peptide moiety. Figure 7 shows the fluores- 
cence image from the right side of Figure 6C cells 
superimposed upon the phase contrast image from the 
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Figure 7. Confocal microscopy of p6 cells incubated with 
fluoresceinated PNAP1 peptide conjugate. The fluorescence 
image and the phase contrast image of the same fields shown 
in Figure 6C are superimposed to illustrate the location of the 
fluorescence signals within the cellular boundaries. Nuclei are 
indicated by arrows. 

left side of Figure 6C, illustrating that the fluorescein 
signals came from compartments within the cells them- 
selves. 

DISCUSSION 

The potential of antisense/antigene oligonucleotides as 
a novel class of therapeutic agents lies in the predict- 
ability and specificity of the complementary binding 
between the intracellular target RNA or DNA and the 
exogenously applied oligonucleotides by hydrogen bond- 
ing. The development of antisense/antigene oligonucle- 
otides as therapeutic agents has focused on chemically 
modifying the oligonucleotides with the aim of enhancing 
biological stability and intracellular uptake, without 
compromising the hybridization efficiency or the binding 
specificity. 

The JB9 peptide moiety, modeled to imitate an IGF1R 
binding domain of IGF1 (IS), was hypothesized to enable 
cell specific targeting of an oligonucleotide, followed by 
receptor-mediated endocytosis, for the purpose of signifi- 
cantly increasing internalization. Previously, this ratio- 
nale led us to synthesize a phosphorothioate DNA-JB3 
conjugate (27). However, PNAs fit the criteria for 
therapeutic oligonucleotides better than phosphorothio- 
ates, with the exception of poor cellular uptake (9, 1G). 
To solve this problem, a PNA-IGF1 analog conjugate 
was synthesized, which resulted in targeted and elevated 
cellular uptake. 

For therapeutic application of oligonucleotide based 
agents, it is essential to develop an automated synthetic 
protocol. PNAs are typically synthesized on polystyrene- 
based solid supports, utilizing Boc protection, similar to 
what was developed for normal peptide synthesis (16, 28). 
Alternatively, a PNA synthesis has been reported utiliz- 
ing Fmoc protection (29). Manual assembly of a PNA- 
peptide conjugate on a solid support has been described 
before, utilizing Boc protection for both segments (25). 
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The peptide segment, containing naturally occurring 
L-amino acids, was designed to be a substrate for protein 
kinase A, which phosphorylates the serine residue. Since 
PNAs have potential for application as antigene/anti- 
sense agents against many genetic targets, and PNA- 
peptide conjugates might overcome the problem of poor 
cellular uptake, it would be much more efficient to 
synthesize them automatically. 

As a significant step in that direction a semiautomated 
synthesis protocol has been developed. The synthesis of 
the conjugate was achieved by integration of Fmoc 
chemistry to assemble the peptide moiety on a solid 
support and then Boc chemistry to extend the PNA 
segment. The other significant improvement was the use 
of D-amino acids for the peptide section, so that the IGF1 
D-analog domain of the conjugate would be as resistant 
to degradation as the PNA segment, for optimum bio- 
availability. 

The key problem in achieving solid phase synthesis of 
a biologically stable conjugate was finding the right 
combinations of protecting groups, so that the two 
synthetic strategies would be compatible. This task was 
made more difficult by the inclusion of D-amino acids, as 
commercially available choices for them are narrow. 
Utilization of Mob, Bzl, and Z protecting groups was 
found to be mutually compatible for synthesis of the two 
segments, resulting in an excellent yield of deprotected, 
cyclized conjugate. A cyclized peptide domain is essential 
in the conjugate to limit the flexibility of the JB9 
segment, optimizing binding to the cell surface IGF1 
receptor. The presence of the cyclized PNA- peptide 
conjugate was demonstrated by the negative DTNB 
assay, a homogeneous peak in the analytical HPLC 
chromatogram, a single peak of predicted molecular mass 
in the MALDI-TOF mass spectrum, and a single band 
on a denaturing SDS-polyacrylamide gel, used for the 
first time to characterize a PNA- peptide conjugate. 

Measurements of cellular uptake and compartmental- 
ization demonstrated specificity for the IGF1 analog, and 
elevated uptake of the PNA-TGF1 analog conjugate was 
dependent on the level of IGF1R expression. The con- 
jugate was stable in serum over 24 h, which is essential 
for bioavailability. Furthermore, the peptide adduct did 
not inhibit hybridization of the PNA segment to comple- 
mentary DNA. Finally, neither the radiolabeled nor the 
fluorescent conjugates were toxic to the cell lines tested. 
This is the first effective demonstration of cell specific 
targeting and delivery of PNAs. 

For oligonucleotides to be applied successfully as 
antisense/antigene therapeutics, intracellular delivery is 
essential. Among the available assortment of modified 
oligonucleotide analogs, PNAs look very promising due 
to their favorable hybridization characteristics and bio- 
logical stability. The successful delivery of the PNA- 
peptide conjugate inside cells without the need for 
microinjection opens up the opportunity for developing 
these oligonucleotide analogs as therapeutic agents. The 
next logical step is to evaluate their antisense efficacy 
in cell culture. This delivery strategy may be further 
improved with more potent ligands to achieve better 
cellular uptake, and other disease-related or tissue- 
specific cell surface receptors may be targeted in the 
future to concentrate PNA conjugates into other cell and 
tissue types. 

ACKNOWLEDGMENT 

We thank Dr. Michael Kligshteyn for synthesis of DNA 
analogs, Dr. Rolf Berg for synthesis of peptide nucleic 
acids, and Dr. Janet Smith for a critical reading of the 



Bioconjugate Chem., Vol. 8, No. 4, 1997 487 

manuscript. The p6 cell line was kindly supplied by Dr. 
Christopher Sell, while Dr. Danuta Kozbor provided the 
Jurkat cell line. This research was supported by Na- 
tional Institutes of Health Grants CA42960 and CA60139 
to E.W. 

LITERATURE CITED 

(1) Wickstrom, E. ( Ed. (1991) Prospects for Antisense Nucleic 
Acid Therapy of Cancer and AIDS, Wiley-Liss, New York. 

(2) Crooke, S. T„ and Lebleu, B., Eds. (1993) Antisense Research 
and Applications, CRC Press, Boca Raton, FL. 

(3) Agrawal, S., Ed. (1996) Antisense Therapeutics, Humana 
Press, Totowa, NJ. 

(4) Nielsen, P. E., Egholm, M., Berg, R. H. ( and Buchardt, O. 
(1991) Sequence-selective recognition of DNA by strand 
displacement with a thymine-substituted polyamide. Science 
254, 1497-1500. 

(5) Egholm, M., Buchardt, O,, Christensen, L., Behrens, C, 
Freier, S. M., Driver, D. A., Berg, R. H„ Kim, S. K., Norden, 
B., and Nielsen, P. E. (1993) PNA hybridizes to complemen- 
tary oligonucleotides obeying the Watson- Crick hydrogen- 
bonding rules. Nature 365, 566-568. 

(6) Demidov, V. V., Potaman, V. N., Frank-Kamenetskii, M. D., 
Egholm, M., Buchard, O., Sonnichsen, S. H., and Nielsen, P. 
E. (1994) Stability of peptide nucleic acids in human serum 
and cellular extracts. Biochem. Pharmacol. 48, 1310-1313. 

(7) Mollegaard, N. E., Buchardt, O., Egholm, M., and Nielsen, 
P. E. (1994) Peptide nucleic acid-DNA strand displacement 
loops as artificial transcription promoters. Proc. Natl. Acad. 
Sci. U.S.A. 91, 3892-3895. 

(8) Hanvey, J. C, Peffer, N. J„ Bisi, J. E., Thomson, S. A., 
Cadilla, R., Josey, J. A., Ricca, D. J., Hassman, C. F., Bonham, 
M. A., Au, K. G., Carter, S. G, Bruckenstein, D. A., Boyd, A. 
L., Noble, S. A., and Babiss, L. E. (1992) Antisense and 
antigene properties of peptide nucleic acids. Science 258, 
1481-1485. 

(9) Bonham, M. A., Brown, S., Boyd, A. L., Brown, P. H., 
Bruckenstein, D. A., Hanvey, J. C, Thomson, S. A., Pipe, A., 
Hassman, F., and Bisi, J. E. (1995) An assessment of the 
antisense properties of RNase H-competent and steric-block- 
ing oligomers. Nucleic Acids Res. 25, 1 197-1203. 

(10) Gray, G. D. t Basu, S., and Wickstrom, E. (1997) Trans- 
formed and immortalized cellular uptake of oligodeoxynucleo- 
side phosphorothioates, 3' alkylamino oligodeoxynucleotides, 
2' O-methyl oligo ribonucleotides, oligodeoxynucleoside me- 
thylphosphonates, and peptide nucleic acids. Biochem. Phar- 
macol. 48, 1465-1476. 

(11) Pardridge, W. M., Boado, R. J., and Kang, Y-S. (1995) 
Vector-mediated delivery of a polyamide ("peptide") nucleic 
acid analogue through the blood-brain barrier in vivo. Proc. 
Natl. Acad. Sci. U.S.A. 92, 5592-5596. 

(12) Baserga, R. (1995) The insulin-like growth factor 1 recep- 
tor: a key to tumor growth? Cancer Res. 55, 249-252. 

(13) Pietrzkowski, Z., Wernicke, D., Porcu, P., Jameson, B. A., 
and Baserga, R. (1992) Inhibition of cellular proliferation by 
peptide analogues of insulin-like growth factor 1 . Cancer Res. 
52, 6447-6451. 

(14) Pietrzkowski, Z., Sell, C, Lammers, R., Ullrich, A., and 
Baserga, R. (1992) Roles of insulinlike growth factor 1 (IGF- 
1) and. the IGF-1 receptor in epidermal growth factor- 
stimulated growth of 3T3 cells. Mol. Cell. Biol. 12, 3883- 
3888. 

(15) Wagner, E., Zenke, M., Cotten, M., Beug, H., and Birnstiel, 
M. L. (1990) Transferrin-polycation conjugates as carriers of 
DNA uptake into cells. Proc. Natl. Acad. Sci. U.S.A. 87, 3410- 
3414. 

(16) Christensen, L., Fitzpatrick, R., Gildea, B., Petersen, K. 
H., Hansen, H. F., Koch, T., Egholm, M, Buchardt, O., 
Nielsen, P. E., Coull, J., and Berg, R. (1995) Solid-phase 
synthesis of peptide nucleic acids. J. Pept. Sci. 3, 175-183. 

(17) Lai, R. B., Rudolph, D. L., Folks, T. M., and Hooper, W. C. 
(1993) Over expression of insulin-like growth factor receptor 
type-1 in T-cell lines infected with human T-lymphotropic 
virus types-I and -II. Leukemia Res. 17, 31-35. 

(18) Ullrich, A., Gray, A.. Tarn, A. W., Yang-Feng, T, Tsub- 
okawa, M. t Collins, C, Henzel, W., Bon Le, T., Katchuria, 



488 Bioconjugate Chem., Vol, 8, No. 4, 1997 



Basu and Wickstrom 



S., Chen, E., Jacobs, S., Francke, D., Ramachandran, J., and 
Fujita-Yamaguchi, Y. (1986) Insulin-like growth factor 1 
receptor primary structure: comparison with insulin receptor 
suggests structural determinations that define functional 
specificity. EMBO J. 5, 2503-2512. 

(19) Sarin, V. K., Kent, B. H.. Tarn, J. P., and Merrifield, R. B. 
(1981) Quantitative monitoring of solid phase peptide syn- 
thesis by the ninhydrin reaction. Anal. Biochem. 11/ \ 147- 
157. 

(20) Ellman, G. L. (1959) Tissue sulfhydryl groups. Arch. 
Biochem. Biophys. 82, 70-77. 

(21) Pieles, U, Zurcher, W., Schar, M., and Moser, H. E. (1993) 
Matrix-assisted laser desorption ionization time-of flight mass 
spectrometry: a powerful tool for the mass and sequence 
analysis of natural and modified oligonucleotides. Nucleic 
Acids Res. 21, 3191-3196. 

(22) Laemmli, U. (1970) Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature 227, 
680-685. 

(23) Hughes, J. A., Avrutskaya, A. V., Brouwer, K. L. R., 
Wickstrom, E., and Juliano, R. L. (1995) Radiolabeling of 
methylphosphonate and phosphorothioate oligonucleotides 
and evaluation of their transport in everted rat jejunum sacs. 
Pharm. Res. 12, 817-824. 



(24) Wickstrom, E., Bacon, T. A., and Wickstrom, E. L. (1992) 
Down- regulation of c-myc antigen expression in lymphocytes 
of EjU-c- myc transgenic mice treated with anti-c-myc DNA 
methylphosphonate. Cancer Res 52, 6741-6745. 

(25) Koch, T., Naesby, M. t Wittung, P., Jorgensen, M., Larsson, 

C, Buchardt, O., Stanley, C. J., Norden, B., Nielsen, P. E., 
and 0rum, H. (1995) PNA-peptide chimerae. Tetrahedron 
Lett. 36, 6933-6936. 

(26) Soukchareun, S., Tregear, G. W., and Haralambidis, J. 
(1995) Synthesis and evaluation of nuclear targeting peptide- 
antisense oligodeoxynucleotide conjugates. Bioconjugate Chem. 
6, 43-53. 

(27) Basu, S., and Wickstrom, E. (1995) Solid phase synthesis 
of a D-peptide-phosphorothioate oligodeoxynucleotide conju- 
gate from two arms of a polyethylene glycol- polystyrene 
support. Tetrahedron Lett 36, 4943-4946. 

(28) Erickson, B. W., and Merrifield, R. B. (1976) Solid phase 
peptide synthesis. In The Proteins, 3rd ed. (H. Neurath and 
R. L. Hill, Eds.) pp 255-257, Academic Press, New York. 

(29) Thomson, S. A., Josey, J. A., Cadilla, R., Gaul, M. D., 
Hassman, C. F., Luzzio, M. J., Pipe, A. J., Reed, K. L., Ricca, 

D. J., Wiethe, R. W., and Noble, S. A. (1995) Fmoc mediated 
synthesis of peptide nucleic acids. Tetrahedron 51, 6179-6194. 

BC9700650 



